PERSPECTIVES

ATAR UNITS 1 & 2

2 8TH
EDITION
v

TJI NEWTON AP JOYCE
RACHEL WHAN




- % CENGAGE
1% Learning

COPYRIGHT NOTICE

Copyright in this work is owned by Cengage
Learning Australia (“the work”). A condition of
purchase of this electronic version of the work is
that you agree to respect the copyright in the
work, abide by the Copyright Act 1968 and
specifically agree not to transfer, sell, assign,
misuse, copy or transmit an electronic or other
version of the work to any third party.

Please note: This product is accompanied by a
licence (single user, network or adoption)
governing the terms and conditions of its use.



This is a legal agreement between the you,
(the “Customer”) and Cengage Learning
Australia Pty Limited (ABN 14 058 280 149)
(the “Licensor”) which provides the terms
and conditions of this non-exclusive licence
and the limited warranty for the Product.
Use of the Product indicates an
acknowledgement that the Customer has
read and agreed to be bound by the terms
and conditions of this Agreement. If you do
not agree to these terms and conditions,
return the Product to the place of purchase
within 15 days of the date of purchase (with
proof of purchase) for a full refund

1. Licence Grant
You do not receive title to the Product.
Copyright in the Product (which includes
all images, photographs, video,
animations, audio, music and text
incorporated in the Product, including all
of the accompanying printed material) is
owned by the Licensor and/or its
suppliers and is protected by Australian
copyright laws. The Licensor grants you
a non-exclusive licence to use the
Product subject to the restrictions and
terms set out in this Agreement.

2. AlLicence allows you to:
Use the Product on your computer. The
Customer represents that they shall in
no way place the Product in the public
domain or in any way compromise our
copyright in the Material. You agree to
take reasonable steps to protect our
copyright.

3. You may not:
Alter, modify, translate, reverse
engineer, decompile, or adapt the
software or create derivative works
based on the Product. Make further
copies by any means technological,
electronic, digital whatsoever without
the written permission of the Licensor.
Rent or transfer all or any part of your
rights under this Agreement. Remove or
alter any copyright or other proprietary
notice or label attached to the software.

4. Termination
Any failure to comply with the terms and
conditions of this agreement will result
in the automatic termination of this
licence. Upon termination of this licence
for any reason, the Customer must
destroy or return to the Licensor all
copies of the software and
accompanying documentation.

5. Warranties
To the extent permitted by law, the
Licensor’s liability for any breach of the
warranty or any term implied by law into
this licence is limited to the lowest cost
of replacing the goods, acquiring
equivalent goods or having the goods
repaired.



PERSPECTIVES

{ ATAR UNITS 1& 2

: 8TH

EDITION

TJI NEWTON AP JOYCE

RACHEL WHAN



v @
i

NELSON

A Cengage Company

Human Perspectives ATAR Units 1 & 2
8th Edition

T) Newton

AP Joyce

Rachel Whan

ISBN 9780170449090

Publisher: Sarah Craig

Project editor: Robyn Beaver

Copy editor: Robyn Flemming

Text design: Rina Gargano (Alba Design)
Cover design: Jenna Lee Fai (Jenki)

Project designer: Justin Lim

Cover image: Getty Images/Victor Habbick Visions/Science Photo Library

Permissions researcher: Helen Mammides
Production controller: Alice Kane

Typeset by: SPi Global

Any URLs contained in this publication were checked for currency during the

production process. Note, however, that the publisher cannot vouch for the

ongoing currency of URLs.

© 2020 Cengage Learning Australia Pty Limited

Copyright Notice

This Work is copyright. No part of this Work may be reproduced, stored in a
retrieval system, or transmitted in any form or by any means without prior
written permission of the Publisher. Except as permitted under the

Copyright Act 1968, for example any fair dealing for the purposes of private study,
research, criticism or review, subject to certain limitations. These limitations
include: Restricting the copying to a maximum of one chapter or 10% of this
book, whichever is greater; providing an appropriate notice and warning with the
copies of the Work disseminated; taking all reasonable steps to limit access to
these copies to people authorised to receive these copies; ensuring you hold the
appropriate Licences issued by the Copyright Agency Limited (“CAL"), supply a
remuneration notice to CAL and pay any required fees. For details of CAL licences
and remuneration notices please contact CAL at Level 11, 66 Goulburn Street,
Sydney NSW 2000, Tel: (02) 9394 7600, Fax: (02) 9394 7601

Email: info@copyright.com.au

Website: www.copyright.com.au

For product information and technology assistance,
in Australia call 1300 790 853;
in New Zealand call 0800 449 725

For permission to use material from this text or product, please email

aust.permissions@cengage.com

National Library of Australia Cataloguing-in-Publication Data
A catalogue record for this work is available from the National Library of

Australia.

Cengage Learning Australia
Level 7, 80 Dorcas Street

South Melbourne, Victoria Australia 3205
Cengage Learning New Zealand

Unit 4B Rosedale Office Park

331 Rosedale Road, Albany, North Shore 0632, NZ

For learning solutions, visit cengage.com.au

Printed in China by 1010 Printing International Limited.
12345672423222120



CONTENTS

Using Human Perspectives vi
Author acknowledgements iX
UNIT1

THE FUNCTIONING HUMAN BODY 1
INVESTIGATING HUMAN BIOLOGY 2

11 Studying human biological science
12 Scientific method

1.3 Investigating humans 14
Activities 17
Chapter 1 summary 21
Chapter 1 glossary 22
Chapter 1 review questions 23
3 CELLS MAKE UP THE HUMAN BODY 25
21  Cells 26
2.2 Cell structure 26
2.3 Cell requirements 32
24 How cells make a body 43
Activities 49
Chapter 2 summary 56
Chapter 2 glossary 57
Chapter 2 review questions 60

3 CELLS UNDERGO CHEMICAL REACTIONS 62

31 Metabolism 63
3.2 Enzymes and metabolism 67
3.3 Cellular respiration 69
34  Energy use by the cell 74
Activities 76
Chapter 3 summary 80
Chapter 3 glossary 81

Chapter 3 review questions 83

9780170449090

28 THE RESPIRATORY SYSTEM ALLOWS
GAS EXCHANGE

41 Structure of the respiratory system

4.2 Mechanics of breathing

43 Gas exchange

44 Some effects of lifestyle and environment
on gas exchange

Activities
Chapter 4 summary
Chapter 4 glossary

Chapter 4 review questions

Il THE CIRCULATORY SYSTEM
TRANSPORTS MATERIALS THROUGHOUT
THE BODY

51 Blood as a transport medium

5.2 Moving blood through the body

5.3 Blood groups and transfusions

54  The lymphatic system

Activities

Chapter 5 summary

Chapter 5 glossary

Chapter S review questions

I3 THE DIGESTIVE SYSTEM SUPPLIES
NUTRIENTS FOR THE BODY

6.1 Types of digestion

6.2 Thealimentary canal

6.3 The effect of diet on the alimentary
canal

Activities
Chapter 6 summary
Chapter 6 glossary

Chapter 6 review questions

85

86
89
9

a3
96
97
98
99

101

103
109

119
123
127
136
137
139

141
142

154
156
163
164
166



THE EXCRETORY SYSTEM REMOVES
WASTE PRODUCTS

71 The organs that process and
remove wastes

72 Theliver and skin

73  Thekidneys

74 Effects of lifestyle on excretion

Activities

Chapter 7 summary

Chapter 7 glossary

Chapter 7 review questions

IE} THE MUSCULOSKELETAL SYSTEM
ALLOWS MOVEMENT

81 Types of muscles

8.2 Structure of skeletal muscle

8.3 How muscles work

84 Overview of the skeletal system

8.5 Structure of bone and cartilage

8.6 Movement of bones

8.7 Effects of ageing on the
musculoskeletal system

Activities
Chapter 8 summary
Chapter 8 glossary

Chapter 8 review questions

UNIT 2

168

169
170
172
180
183
188
189
191

193

194

195

198

202
207
gl

216
219
222
223
226

REPRODUCTION AND INHERITANCE 228

[E} DNA DETERMINES THE STRUCTURE AND

FUNCTION OF CELLS

91 DNA, genes and chromosomes
9.2 Protein synthesis

9.3 Epigenetics

Activities

Chapter 9 summary

Chapter 9 glossary

Chapter 9 review questions

229

230
234
240
242
244
245
246

CELLS DIVIDE FOR GROWTH, REPAIR,

REPLACEMENT AND
REPRODUCTION

101 The cell cycle

18.2 Producing gametes

10.3 Variation in daughter cells

104 Cancer

Activities

Chapter 10 summary

Chapter 10 glossary

Chapter 10 review questions

THE STRUCTURE OF THE REPRODUCTIVE

SYSTEMS ALLOWS REPRODUCTION
111 Structure of the reproductive
systems
112 Production of gametes

1.3 Hormonal control of the reproductive
system

Activities
Chapter 11 summary
Chapter 11 glossary

Chapter 11 review questions

REPRODUCTION PRODUCES
OFFSPRING
121 Fertilisation

122 Early embryonic development and
implantation

123 Pregnancy

124 Changes during birth

12.5 Maintaining a healthy pregnancy
Activities

Chapter 12 summary

Chapter 12 glossary

Chapter 12 review questions

248

249
254
258

26!
267
269
270
272

274

275
280

285
292
296
298
300

302
303

306
313
317

323

328

329

330

332

9780170449090



REDUCING THE CHANCE OF PREGNANCY EE] GENETICS CAN BE USED TO UNDERSTAND

AND STls 334 THE TRAITS OF INDIVIDUALS AND
A FAMILIES 384
131 Contraception 335
132 Sexually transmitted infections 346 151 Mendelian inheritance 385
A Res 356 152 Modelling inheritance 389
Chapter 13 summary 357 15.3 Autosomal inheritance of single-gene
disorders 396
Chapter 13 glossary ler
] ) 154  Sex chromosomes 399
Chapter 13 review questions 361 -
15.5 Other types of inheritance 404
TECHNOLOGIES ARE AVAILABLE TO 156 Genetic counselling 406
ASSIST IN REPRODUCTION 364 s 40
141 Treatment of infertility 365 Chapter 15 summary 45
142 Diagnosis of foetal health 374 Chapter 15 glossary 417
Activity 379 Chapter 15 review questions 419
Chapter 14 summary 380
Chapter 14 glossary 381 Index 423

Chapter 14 review questions 382

9780170449090



USING HUMAN PERSPECTIVES

Human Perspectives has been comprehensively updated to address all aspects of the School Curriculum and

Standards Authority (SCSA) Human Biology ATAR course. This series will enable you, the student, to achieve maximum
understanding and success in this subject. Each page has been carefully considered to provide all the information you
need in a variety of different formats such as text, figures and links to online material. You will find it easy to navigate
through each chapter and see connections to the practical activities and investigations through the use of icons,
highlighting the importance of the interconnectedness between the conceptual and practical aspects of Human Biology.

Each chapter begins with a chapter opening page, which presents the learning outcomes
under the Science Inquiry Skills, Science as a Human Endeavour and Science Understanding
strands from the SCSA Human Biology ATAR syllabus to be covered in the chapter.

o S
THE f ; INVESTIGATING [T

FUNCTIONING ; ! HUMAN BIOLOGY
HUMAN BODY : ‘

Important ideas, concepts and theories are summarised in key
concept boxes throughout chapters. These provide reinforcement
and summary for improved assimilation of new ideas.

BB ceus

2

CELLS MAKE UNIT 1 CONTENT
UPTHEHUMAN g2 s
BODY

Connections to practical activities and investigations are Regular opportunities to recall new terms and facts, and
indicated using margin icons. Interactive icons link to to apply concepts, are provided in question sets at the
digital worksheets and websites. ~  end of each chapter section.
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Practical activities and
investigations introduce
and reinforce the Science
Inquiry Skills listed in

CHAPTER [ ACTIVITIES

the SCSA Human Biology
ATAR syllabus. They
allow you to explore and
discover the living world.
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INVESTIGATING  PIsEIiualy
HUMAN BIOLOGY  [psmitvuen i

propose hypotheses; and predict possible outcomes

design investigations, including the procedure(s) to be
followed, the materials required, and the type and amount of
primary and/or secondary data to be collected; conduct risk
assessments; and consider research ethics, including animal
ethics

conduct investigations, including monitoring body functions;
use microscopy techniques; and perform real or virtual
dissection, safely, competently and methodically for the
collection of valid and reliable data

represent data in meaningful and useful ways; organise and
analyse data to identify trends, patterns and relationships;
qualitatively describe sources of measurement error, and
uncertainty and limitations in data; and select, synthesise and
use evidence to make and justify conclusions

interpret a range of scientific and media texts, and evaluate
processes, claims and conclusions by considering the
quality of available evidence; and use reasoning to construct
scientific arguments

communicate to specific audiences, and for specific
purposes, using appropriate language, nomenclature, genres
and modes, including scientific reports

Source: School Curriculum and Standards Authority,
Government of Western Australia
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CHAPTER1 | Investigating human biology

BFB STUDYING HUMAN BIOLOGICAL SCIENCE

Human biological science is the scientific study of humans, both as individuals and as populations,
and the study of the interaction between humans and their environment. Although a lot is now known
and understood about humans, much still remains to be discovered. A glance through almost any
newspaper will show that discoveries are continually being made about how our bodies work, about
human behaviour and about where we came from. Despite the progress in knowledge of our species,
new problems constantly arise.

What is science?

There are two aspects to science.
» Science is a process of inquiry — a way of finding out about human beings, and their living and
non-living surroundings.
» Science is a body of knowledge — knowledge gained by systematic observation and testing of
ideas.
Because of the nature of science as a process of investigation, scientific knowledge is not fixed
and unchanging. Knowledge is continually increasing as new discoveries are made, and existing
knowledge often has to be modified, or even discarded, as new evidence accumulates.

What is human biological science?

Human biology is a body of knowledge relating to humans and is concerned with finding out more
about the human species. This book presents some of the knowledge that scientists have gained
about humans, sometimes with a description of how that knowledge was gained. It is important
to remember when reading this book, or any science textbook, that the information was originally
gained by scientific investigation, and that the ideas presented are subject to change as research
reveals more about the topics covered.

Because human biology is a science, our knowledge of humans builds on the discoveries
made by each generation of scientists. Discoveries made today become the building blocks for
the knowledge of tomorrow. Collective knowledge of the human organism is now so great that
human biologists must specialise in a particular field of study relating to humans, such as anatomy,
physiology, nutrition or biochemistry. Some of the important fields of study that contribute to an
understanding of our species are shown in Figure 1.1 and Table 1.1. Aspects of many of these fields
will be discussed in this book.

Key concept

Human biology is an area of science that studies humans and their interactions. It utilises a wide range of
fields of study to develop an in-depth knowledge of humans.

How do scientists investigate?

How are discoveries made? What procedures does a scientist use to gather new information?

There are no hard and fast rules, and no particular sequence of steps that must be followed. Different
scientists investigate in different ways; however, in every case, scientific investigation begins with a
problem — a question that needs to be answered. Curiosity is a human characteristic. We like to know
how and why things happen. The scientist defines a problem and then tries to find a solution to that
problem. Some of the ways that scientists investigate are described in the following pages.

9780170449090



4 UNIT1 | HUMAN PERSPECTIVES ATAR UNITS1& 2

FIGURE 1.1 Some of
the fields of study
that contribute to
our understanding

®
g@@

Sociology Cytology

of the biology of Genetics Anthropology
humans
Molecular
Physiology biology

Human biology &—— Prehistory

\ Biochemistry
Palaeontology
Anatomy iti

Psychology

Primatology

TABLE 1.1 Some important fields of study that contribute to our understanding of the biology of humans

Anatomy Structure of the body

Relationships between the biological, cultural, geographical and historical aspects
Anthropology of humans (some people use the word ‘anthropology’ to mean the same as human
biology, although human biology covers a wider field)

Material evidence of the past such as tools, weapons and art, rather than written
Archaeology

records

Biochemistry Chemistry of living things

Cytology Cells

Demography Statistical study of populations

Embryology Development from fertilisation to birth

Genetics How characteristics are passed from generation to generation

Molecular biology Macromolecules of the cell

Nutrition Food requirements of humans

Palaeontology Fossils

Physiology Functioning of living things

Prehistory The past, before the time of written records

- Nor.1-human members of the order Primates — apes, monkeys, lemurs, lorises and
tarsiers

Psychology Human behaviour

Sociology Nature of human society

9780170449090



CHAPTER1 | Investigating human biology

Literature review

The search for a solution to a problem will almost certainly involve a review of books, scientific
journals and the Internet to see what information has already been collected by others. In this way,
science builds on past discoveries and the scientist does not duplicate work already done by other
scientists.

Observation

Some problems can be solved by observation. Information is gathered using the senses or
instruments that enhance the senses, such as a microscope or stethoscope. For example, scientists
who study monkeys and apes, close relatives of humans, will spend much of their time observing and
noting what the animals do and how they behave towards one another. Microbiologists observe the
structure of bacteria and viruses using electron microscopes. Archaeologists excavate ancient human
living-sites and observe the type and distribution of shelters, tools, weapons, animal bones and
charcoal from fires. Observation in the field is then followed by detailed laboratory examination of the
material collected.

Patient observation produces data that must then be carefully analysed. Scientists look for
patterns or trends in the data and try to draw meaningful conclusions. Often the observations will
raise many new questions to be answered and problems to be solved.

FIGURE 1.2 Bacteria
are observed, using

a scanning electron

microscope

Shutterstock.com/Kateryna Kon

Classification

Classification, placing things in groups based on the similarity of their characteristics, is a basic part of
science. For example, astronomers classify galaxies by their shape and planets by their composition;
geologists classify rocks according to the way they were formed and the minerals they contain;
chemists classify substances by their properties; and biologists use structural features as a basis for
classifying living things.

Some biologists specialise in the classification and naming of organisms, but all use classification
from time to time. The classification of animals is based mainly on structural characteristics. It
highlights the similarities and differences between groups and makes communication easier. For
example, if we say that a particular animal is classified as a mammal, we do not have to be given a
description of its characteristics. We immediately know that it has hair, is warm-blooded and suckles
its young on milk. We can then think of many other animals with those same characteristics to which
it is related. Classification, therefore, serves to facilitate scientific study.

9780170449090



6 UNIT1 | HUMAN PERSPECTIVES ATAR UNITS1& 2

Human biologists are concerned with the classification of the Primates, the order of mammals
to which humans, apes, monkeys and some other animals belong. Although based on structural
features, there is sometimes disagreement about the relative importance of certain structures. Even
today, debate is continuing about how groups within the order Primates should be classified. Now
that it is possible to compare the DNA of different species, biologists can be more certain about the
relationships between groups. However, extinct animals that are known only through fossils may be
very difficult to classify and may provoke much controversy among experts.

Experimentation

Many scientists conduct experiments. They will propose a hypothesis, a possible explanation or
solution to a problem, and then design experiments to test it. An experiment must be designed

so that the results clearly support or disprove the hypothesis being tested. To achieve this, only

one factor, or variable, is tested at a time. A control test is conducted using standard conditions
and an experimental test is conducted with one variable changed. If a scientist were testing the
hypothesis that bacteria are killed by household bleach, two groups of bacterial cultures would be
needed: experimental cultures and control cultures. The experimental cultures would be exposed
to household bleach, whereas the control cultures would be exposed to distilled water. All other
variables, such as the nature of the culture medium, the size of the culture containers, the type of
bacteria, the temperature at which the cultures were kept, the length of time for which the cultures
were observed and the volume of liquid added to each culture (bleach or distilled water), would
have to be the same for both groups. These are known as controlled variables. If, at the end of

the experiment, the bacteria in the experimental cultures were dead, whereas those in the control
cultures were living, one could confidently say that the difference between the two sets of bacteria
was due to the presence or absence of household bleach. This interpretation could only be made if
just one variable was allowed to differ between the two groups of bacterial cultures.

FIGURE 1.3 Bacterial
cultures can be
compared to
determine the effect
of household bleach
on bacteria

Shutterstock.com/grebcha

9780170449090



CHAPTER1 | Investigating human biology

Key concept

Scientists use literature reviews, observation, classification and experimentation to learn more about

humans and to extend our knowledge.

Questions 1.1

RECALL KNOWLEDGE APPLY KNOWLEDGE
List the two aspects of science. 5 Explain how physiology relies on a knowledge
Define 'human biological science'. of anatomy.
Define ‘psychology’, ‘biochemistry’ and 6 Give an example of where observations are
‘cytology". used during scientific investigations.
4 List the methods of investigating. 7 Explain why a control experiment is an

important part of a scientific investigation.

SCIENTIFIC METHOD

How are discoveries made? What procedures does a scientist use to gather new information?

There are no hard and fast rules, and no particular sequence of steps that must be followed, but
scientific investigation usually follows a pattern that is known as the scientific method. The precise
method will be unique to the particular circumstances, but the underlying pattern of logical thought is
similar in all cases.

— Recognition of a problem FIGURE 1.4 The
\l/ scientific method

Collection of information
related to the problem

\J

Making a hypothesis &——

\

Testing the hypothesis — or
a prediction made from it

If the hypothesis is disproved

New questions to Collection of data from
be answered the experiment

J

If the hypothesis is supported

Make a conclusion
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|dentifying a problem

Scientific investigation begins with a problem. Curiosity about why and how things happen is a
characteristic of human nature. It raises all sorts of questions to be answered and problems to

be solved. Sometimes it is difficult to know the right question to ask, but until someone asks the
question, research into the answer cannot begin. For example, Louis Pasteur (1822-95) was curious
about the cause of infectious disease and of fermentation. In investigating these problems, he
found that micro-organisms are responsible for many diseases and for fermentation. Knowing what
questions to ask is one of the characteristics of a good scientist.

Collecting information

Having defined the problem, the scientist begins to collect information about the problem. This may
involve direct observation. For Pasteur, this was looking at samples of fermenting liquid to see if they
contained micro-organisms. It will almost certainly involve a review of books, scientific journals and
the Internet to see what information relating to the problem other researchers have collected. In this
way, science builds on past discoveries and the scientist does not duplicate work already done by
other scientists.

|dentifying variables

A variable is any factor that may change during an experiment. In an investigation, variables are
classified as either independent, dependent or controlled.

» The independent variable is the factor that is being investigated. This means that it is the factor
that is deliberately changed to determine how it affects the results. The independent variable may
also be called the experimental variable or the manipulated variable.

» The dependent variable is the factor that changes due to the changes made to the independent
variable. It is sometimes called the responding variable.

o Controlled variables are the factors that are kept the same for both the control and experimental
groups in an experiment.

Developing a hypothesis

After collecting information related to the problem, the scientist can then suggest an explanation
for the observations. This is called a hypothesis. For example, Louis Pasteur observed that certain
diseases seemed to be passed on from one person to another. This gave rise to the question of what
caused these diseases. One of Pasteur’'s hypotheses was that micro-organisms in the air were the
cause.
A hypothesis requires investigation to collect evidence that will support it, and therefore must be
testable. A good hypothesis:
» is a definite statement, not a question
e isshort (it is much easier to test a simple hypothesis than a complex one)
* has a single idea that can be tested
o usually links the independent and dependent variables — for example, Pasteur’s hypothesis that
micro-organisms (one variable) cause disease (second variable). In most cases, the link will be in
the form of a trend.
Note that a hypothesis must be able to be tested. The belief that individual species were created
by God, or that hip hop is better than classical music, are not hypotheses because they cannot be
tested. Science cannot test matters of religious faith or personal taste in music.

9780170449090



CHAPTER1 | Investigating human biology

A hypothesis should state what you think the relationship is between the variables. For example,
a student might be interested in a possible link between sweating and urine production. Three
hypotheses are possible:
1 ’'Sweating causes a decrease in urine production.’
2 'Sweating increases urine production.’
3 'Sweating has no effect on urine production.’
These are all valid hypotheses because they state the relationship between the two variables: sweating
and urine production. ‘Sweating affects urine production” would not be a good hypothesis, because it
does not specify the relationship between the two variables.
Having made a hypothesis, the scientist often makes a prediction of the results based on the
hypothesis. For example, if the hypothesis was ‘'sweating causes a decrease in urine production’, then
a prediction may be that urine production will be least in people who sweat the most.

Key concept

A hypothesis is a statement of the expected relationship between the independent and dependent variable
that can be tested.

Testing the hypothesis

The next step is to test the hypothesis, or a prediction made from the hypothesis, by using a suitable
experiment.

To ensure that the results of an experiment will either support or disprove the hypothesis, only
one factor, or variable, is tested at a time. A control, or comparison, experiment is also done in which
nothing has been changed. If a scientist were testing the hypothesis that vitamin A is essential for
the normal development of young rats, two groups of young rats would be needed: an experimental
group and a control group. The experimental group would be given a diet deficient in vitamin A,
while the control group’s diet would contain normal amounts of vitamin A. All other variables, the
controlled variables, are the same for both groups — for example, the age and sex of the rats, the type
and quantity of the food, the length of time for which the rats were observed, and the temperature
under which the rats were kept. If, at the end of the experiment, the experimental rats were small
and underweight for their age, whereas the control rats were of normal size and weight, one could
confidently say that the difference between the two sets of rats was due to the presence or absence
of vitamin A in their diet. This interpretation could only be made if just one variable were allowed to
differ between the two groups of rats. Such an experiment, involving an experimental group and an
appropriate control group, is known as a fair test.

During the experiment, the scientist observes and records all the information from the
experiment. This information is called the data. Whenever possible, the results of an experiment
should involve measurement, or quantitative data, and direct observation, or qualitative data.

A scientist would record the appearance of the rats in this imaginary experiment, but more
importantly would measure things such as the mass of the rats and the length of the rats’ bodies or
body parts. Measurement is precise and is easier to compare than descriptions of observations.

Scientific experiments always involve repetition. This may mean doing the same experiment
many times, or it may mean performing the experiment on a large number of subjects at the same
time. In the rat experiment, one experimental rat and one control rat would not be sufficient as there
is natural variation within any species. One of the rats may be slightly unusual or abnormal in some
way. (This would be an uncontrolled variable.) If this were so, the result could lead the scientist to the
wrong interpretation. If 10 experimental and 10 control rats were used, the average change in weight
over the period of the experiment could be calculated. Any chance differences between individual
rats would then be unlikely to affect the result.

9780170449090
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Testing the product
claims for Hairnu

EZ)

Activity 1.6
Tabulating data

Line of best fit
This website has more
information about how

to draw a line of best fit.

Presentation of data

The aim of the investigation is to identify the relationship between the independent and dependent
variable. In order to see any trend, the data needs to be presented in an organised manner. Tables and
graphs are effective tools to organise data.

Tables

Results of investigations are often presented in the form of a table. A table is an organised and concise
way of presenting data. Observations may be presented in this form; however, tables are particularly
useful for presenting numerical data.

When you draw up a table to present the results of an experiment, there are certain rules you
should follow:

» The table must have an informative title. The title usually states the variables investigated in the
experiment.

o Datais presented in columns. Usually, the data for the independent variable is in the left column,
and data for the dependent variable is in the right column or columns. However, this is not a
definite rule. The most important consideration is that the table is easy to understand.

¢ Each column has a heading that names the variable and the units in which it is measured.

For example, the results of the experiment on the effect of vitamin A on the growth of young rats
could have been presented in the way shown in Table 1.2. The independent variable, type of diet, is
shown in the left-hand column, and the dependent variable, body weight, is shown in the right-hand
columns.

TABLE 1.2 The effect of vitamin A deficiency on the body weight of rats

BODY WEIGHT OF EACH RAT AT THE END OF THE EXPERIMENT (g)
TYPE OF DIET
1 2 3 4 5 6 7 8 9 10 AVERAGE WEIGHT

Normal diet

Diet deficient in vitamin A

Graphs

A useful way to present data so that it can be understood easily is to draw a graph. A graph
shows how changes in one variable affect a second variable. For example, if the weight of
a baby is measured every month for two years, the data can be plotted on a graph. Time
(in months) is one variable; it affects the other variable, weight. In this case, time is called
the independent variable. Weight is the dependent variable because the weight of the
baby depends on the month in which it was measured (the month does not depend on
the weight of the baby). The independent variable is normally plotted on the horizontal
axis of a graph and the dependent variable on the vertical axis. Such a graph would look
like Figure 1.5.
When drawing a graph:
» Include a title that summarises the relationship between the variables as illustrated by the graph.
This is usually written below the graph, as graphs are classified as figures.
o Label the axes with the names of the variables.
¢ Indicate the units in which each variable is measured.
e Use a scale with equal intervals of units on each axis.
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Line graphs 20
Figure 1.5 is a line graph, the most commonly used
type of graph in science. Line graphs are used when
continuous data is being represented. Measurements
such as length, mass, time, pH and volume are all
examples of continuous data.

When there is a trend between the variables,
a line of best fit is drawn, rather than joining the
individual points. This may be a straight line or a

Weight (kg)

smooth curve.

Bar and column graphs

If discrete data is being graphed, a bar or column O 200
graph is used. In these graphs, the data is represented 360
by rectangles of equal width, with spaces between E’ ;’Zg
them. The length of each rectangle indicates the £ L0
quantity, and so the various quantities can be < 200
compared easily. Rectangles are drawn horizontally E 160
for a bar graph and vertically for a column graph. 5 120
Figure 1.6 shows a column graph and a bar graph S 80
of the amount of calcium in soy milk and different 42

types of milk.
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Reduced-fat milk

Whole milk
Skim milk
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Time (months)
Graph 1 The weight of a baby over two years

8 20 22 24

Calcium-enriched milk

Soy milk

Investigating human biology

Type of drink

Graph 2 Milligrams of calcium in a 250 mL glass of
milk or soy milk

Histograms

Sometimes data is better represented by a histogram.
Histograms are often used to show frequencies,
which is how often a particular value or characteristic
occurs. They have columns to represent the
frequency. The columns are of equal width, but

there is no space between them. Histograms are
used particularly where the data has been grouped
into categories to make it more manageable. For
example, a histogram would be used to graph the
number of Year 12 students with heights in the
categories of 130-134 cm, 135-139 cm,

140-144 cm, and so on.

(b

Type of drink

Whole milk

Reduced-fat milk

Skim milk

Calcium-enriched milk

Soy milk
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FIGURE 1.8 The
difference between
‘accuracy’ and
‘reliability’

Key concept

Tables and graphs are used to organise and display data in order to identify trends.

Interpreting the data

After all the data is collected, the scientist can make an interpretation of the results. Data from a well-
designed experiment will either support or disprove the hypothesis. If the hypothesis is disproved, the
scientist must make a new one or modify the original hypothesis. If the scientist concludes that the
hypothesis is supported, they communicate the conclusion to others in a report with details of the
experiments and the data collected. It is important to note that the results of an experiment cannot
prove a hypothesis: a hypothesis can only be supported or disproved.

Eventually, if enough supporting evidence is collected and there is no evidence against the
hypothesis, then the hypothesis will become a theory. Examples of scientific theories that have been
widely accepted because they have a huge amount of evidence to support them are the atomic
theory, Einstein's theory of relativity, and Darwin’s theory of evolution through natural selection. The
use of the word ‘theory’ in science is different from the everyday use of the word. A scientific theory
has been established and verified through investigation. It has been accepted as valid because it has
been repeatedly tested.

Evaluating the experiment

As scientists, it is important that we reflect on both the results and the method. In particular, we

should consider the following:

e The validity of the method, and therefore of the conclusion: a valid method will fairly test the
hypothesis so that the only factor that affects the results is the independent variable. This means
that we can trust the conclusion from the data.

© Both accuracy © Accuracy only ¢ The accuracy of the results: this refers to

and reliability how correct or true the measurements
are. Accurate data is possible if the correct
measuring equipment is used.

o e The reliability of the results: this refers to
how similar the results for trials of the same
test are. We are able to identify reliable
results by conducting multiple trials and

O Reliability only O Neither accuracy
nor reliability

e comparing the measurements. If the method
e . is followed correctly each time, the variables

.:-:.2 e o are controlled, and the equipment used is
‘ o .. .. '-. ‘ appropriate, then the reliability of the results

is increased.

Key concept

Investigations can be evaluated in terms of their accuracy, reliability and validity.

Experimental error

Results of experiments always contain errors. This is one of the reasons why scientists rarely make
definite statements about their results. Rather than make an exact statement, they are likely to say: ‘It
is probable that ..." or ‘It is likely that ...". Experimental error is also one of the reasons why favourable
experimental results cannot prove a hypothesis. They can only provide support for it.
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In designing experiments, it is important to be aware of possible sources of error and to minimise

them as far as possible.

There are three possible types of error that may occur in an experiment.

A human error is simply a mistake — for example, incorrectly reading the scale on an instrument,
spilling some liquid before measuring the volume, or making a mistake in a calculation. Human
errors are not part of experimental error. They should be avoidable with sufficient care and
checking.

Random errors are unpredictable errors that can occur in all experiments. They occur because
no measurement can be made with absolute precision. For example, if you are using a stopwatch
to time how long it takes a person to carry out a particular task, sometimes you will stop the
watch a little early, sometimes a little late. This is not human error; it is a limitation of the timing
procedure. Because such an error is random, the impact of the error can be reduced by taking
several measurements and averaging them.

Systematic errors occur because of the way in which an experiment is designed or due

to problems with equipment. In this case, a measurement will always be too high or too

low. Systematic errors cannot be reduced by averaging; the only solution is to change the
experimental procedure or equipment.

Key concept

Errors in experiments may be classified as human error, systematic error or random error.

Questions 1.2

RECALL KNOWLEDGE

ua D W N R

List the steps in the scientific method.

Define 'independent variable’ ‘dependent variable' and ‘controlled variable'
Is a baby's birth weight quantitative or qualitative? Justify your answer.
Which variable should be on the horizontal axis of a graph?

Define ‘validity, ‘Tandom error’, ‘conclusion; ‘reliability, 'systematic error’, ‘accuracy’ and ‘theory"

APPLY KNOWLEDGE

6

10

A scientist was testing the effect of caffeine on memory.

a What is the independent variable?

b What is the dependent variable?

¢ Write a hypothesis for the test.

Explain why it is important to collect information in the early stages of a scientific investigation.
Suggest why a hypothesis should be about a single idea.

The hypothesis for an investigation is: 'The darker a person's skin colour, the less likely they are to
develop skin cancer.

a State the independent variable.

b State the dependent variable.

¢ List five factors that need to be controlled for the investigation to be valid.

d Explain why it is important that a large number of people are included in the investigation.

What type of graph should be used to represent data about the number of people with different eye

colours?
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11 Classify each of the following graphs as either a column graph, bar graph, line graph or histogram.

(2] b

12 'Systematic errors may produce reliable results. Discuss whether this statement is true or not.

INVESTIGATING HUMANS

There are some additional considerations when conducting investigations on animals, including
humans.

Ethical problems

Ethics are a set of moral principles or values; ethical behaviour is behaviour that conforms to those
principles or values. In scientific research, particularly research with human participants, many ethical
issues arise.

Every Australian university or research institute is required to have an ethics committee. The
committee members represent a wide variety of interests and must include some members who have
no links to the university or institution. Ethics committees examine proposals for research involving
humans and, if the proposed investigation satisfies ethical standards, give approval to go ahead.

The following are some of the principles that an investigation must satisfy if it is to be ethically sound:

» \Voluntary participation: people should not be pressured into taking part in the research.

» Informed consent: the participants should be fully informed about the objectives of the research,
the procedures to be followed, any possible risks and the potential benefits; consent (in writing)
should only be sought after all information has been given.

» Risk of harm: for some research, such as testing new drugs, it is difficult to ensure that there is
no risk that participants will be harmed, but the possibility of harm should be minimised and the
relationship between the risk and the benefit should be carefully assessed.
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» Confidentiality: procedures need to be adopted to ensure that the identities of participants will
not be revealed except to people directly involved in the study.

* Anonymity: this is a stronger guarantee of privacy than confidentiality; the participants in the
study remain anonymous, even to the researchers. Because of the nature of some research,
anonymity may not be possible — for example, where measurements must be made on
participants over an extended period of time.

An ethical dilemma may arise when the effects of a trial on the experimental group of subjects
are so advantageous that it seems unfair to withhold them from the control group. For example,
if a new medical treatment for a disease was tested on an experimental group, which showed
remarkable improvement compared to a control group, why should the control group be denied
access to the treatment? Situations have actually occurred where the testing of a procedure
has been so successful that the trial has been abandoned and the procedure has been made
available to the control group and the experimental subjects. An example of this was a 2005
study of 3000 men living in a township in South Africa (New Scientist, 25 November 2006, p. 8).
Volunteers who were circumcised at the beginning of the study were found to be 60% less likely
to become infected with human immunodeficiency virus (HIV) than the control group of men who
remained uncircumcised. The results were so dramatic that the trial was halted early so that the
uncircumcised men could be circumcised.

Ethical problems may also arise when subjects are being adversely affected by the research. At
what point should the trial be abandoned, even if continued testing is desirable?

Investigations that you will carry out in your human biological science course are unlikely to raise
any serious ethical problems. However, it is a good idea to keep the five principles described above in
mind when designing an investigation.

Key concept

Investigations involving humans must be assessed with regard to ethical considerations prior to

commencing.

Placebos

Placebos are used in research into the effectiveness of medical treatments, such as a new
medicinal drug. In the case of a drug trial, a placebo is an inactive substance that looks like the
real medication. One group of subjects, the experimental group, takes the drug that is being tested
and the other group, the control, takes the placebo. The placebo should look exactly the same,
and be given in the same way, as the drug being tested. Subjects do not know whether they are
receiving the drug or the placebo. If there is a clear difference in results between the new drug
and the placebo, then the researcher can say with confidence that the difference was due to the
effectiveness of the drug.

A placebo does not have to be a tablet. It could be any 'dummy’ treatment, such as an injection, a
skin patch, a nasal spray, a special diet, a physical therapy or even mock surgery. The important thing
is that the subject believes that they are receiving exactly the same treatment as everyone else in the
trial.

Patients who are given a placebo often show an improvement in their condition even though
the placebo is inactive. This is called the placebo effect. It is thought to occur because of the
patient’s belief that the placebo is a real therapy that will bring about improvement. Experiments
involving placebos are usually blind experiments where the subjects do not know whether they
are receiving the placebo or the treatment. In a double-blind experiment, neither the researcher
nor the subjects know who is receiving the treatment or the placebo. These precautions reduce
the risk of any bias due to the placebo effect. If, in a trial of a therapy, the test group shows a better
response than the control group, despite the placebo effect, the therapy can be assumed to have
been effective.

9780170449090
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Questions 1.3

RECALL KNOWLEDGE

3

Define ‘ethics’

List the principles that must be satisfied for an
ethically sound investigation.

Describe a double-blind experiment.

APPLY KNOWLEDGE

4

Explain the difference between confidentiality
and anonymity.

Explain why placebos are an important part of
medical research.

6 During research into a new treatment for

breast cancer, one group of patients took a
new drug while another group took a placebo
under the same regime. The patients in the
placebo group showed a slight improvement,
while the patients taking the drugs showed
signs of kidney failure. Discuss whether or not

the research should be continued.
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CHAPTER 8 ACTIVITIES

activityll Hypothesising

In 1876, Robert Koch, a German doctor, was the first person to demonstrate that a particular
type of bacterium caused a specific disease. He showed that a rod-shaped bacterium, later
called Bacillus anthracis, caused anthrax, a disease that occurs in sheep, cattle, horses and
sometimes humans.

Which of the following could have been suitable hypotheses for Koch to investigate in his
search for the cause of anthrax? For each of the items below, give reasons why it would or
would not be a suitable hypothesis.

Bacillus anthracis causes anthrax.

Can anthrax be passed from sheep to cattle?

If a sheep is injected with Bacillus anthracis, it will get anthrax.

To look for Bacillus anthracis in the blood of animals with anthrax.

Why does Bacillus anthracis cause anthrax?

If a cow is injected with Bacillus anthracis and is then kept out of the weather, it will not get

anthrax.

7 Injecting blood from a sheep suffering from anthrax into a healthy sheep will transmit the
disease.

8 Any animal suffering from anthrax will have Bacillus anthracis in its blood and will pass the
infection on to other animals.

Ol WN R

activity12 Investigating how pollen causes hay fever

Read the following newspaper article extract carefully and then answer the questions below.

For years scientists were puzzled at how a grain of pollen that was
too big to get past the defences of the nose and throat and into the
lungs could trigger breathing problems from allergy and asthma.

Murdoch University environmental scientist, Frank Murray, said it
was known that only airborne objects with a diameter of

10 microns or smaller (one micron is one-thousandth of a
millimetre) could pass through into these vital organs, yet grass
pollens measured up at 20 to 30 microns.

But with the aid of the magnification of a powerful microscope, they
have recently discovered that grass pollen swells and bursts when in
contact with water, splitting like a damaged can of baked beans.

‘We saw a big particle but with smaller, little granules running out
of it," Professor Murray said. He now believes the same reaction
occurs when it rains on grass pollen or if the pollen hits a moist
membrane in the body such as the nose, eyes or throat.

‘This is only one possible mechanism. But if they break up to
particles only one micron in diameter, then it is easy to see how
they get into the lungs.’
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Professor Murray said this could partly explain why some people
complained of hay fever following rainfall, though rain was also
known to trigger the mass release of fungal spores to which some
people were highly allergic.

‘A lot of people find when there are sunny, warm days and then a
shower, the next day they feel crook,” he said.

Source: © Marnie McKimmie, The West Australian, 17 September 2005

1 How could the investigation reported in the article be used to help answer the question,
‘What is science?'?

2 What sorts of things would you need to know if you wished to repeat Professor Murray's
observations in order to verify his results?

3 Professor Murray was involved in both observation by looking at pollen grains under a
microscope, and experimentation by checking what happened when water was added to
the pollen. In testing pollen to see what happens when water is added, what control would
be needed if the results were to be valid?

4 Can you think of any practical applications for Professor Murray's discovery?

5 The results of research often raise new questions to be answered. Suggest two questions
that now need to be solved as a result of Professor Murray's research.

6 DPropose a hypothesis based on one of the questions you suggested in your answer to
Question 5.

7 The journalist has written an article describing Professor Murray's results for the general
public. What additional information should be included in a report intended for other
scientists working on the links between pollen grains and asthma?

acTivity13 Designing controlled experiments

One of the first controlled experiments in science was performed in 1668 by Italian doctor
Francesco Redi. In Redi's time, it was believed that living organisms arose from non-living
matter, an idea known as spontaneous generation.

Redi put meat into a number of flasks. He sealed half of the flasks and left the other half
open. He then repeated his experiment, but instead of sealing half the flasks he covered them
with gauze so that air (but not flies) could enter. Redi found that maggots developed in the open
flasks but not in the flasks that were sealed or covered with gauze.

1 Suggest the hypothesis that Redi was testing.
List the variables that Redi controlled in his experiments.
What other variables do you think Redi should have controlled?
What conclusion could Redi draw from his experiment?
Make a list of further questions to be answered that arise as a result of Redi's experiments.
The idea of spontaneous generation lingered in the belief that micro-organisms arose
spontaneously in the medium in which they were found. It was not until the 1860s that Louis
Pasteur finally quashed the idea of spontaneous generation. Pasteur's experiments showed that
bacteria did not develop in a flask of nutrient solution if it was sterilised by boiling and if air
entering the flask was filtered to remove bacteria.

6 What was Pasteur's independent variable?

7 What was Pasteur’s dependent variable?

8 List the variables that Pasteur would have controlled so he could make a valid conclusion

from his experiment.

aua b WN
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activitYyl4 Testing a hypothesis

A human biologist was testing the following hypothesis: ‘A decrease in environmental
temperature causes an increase in the level of hormone X in the blood.
1 Suggest one prediction that can be made from this hypothesis.

To test the hypothesis, 12 adults were kept in a room (Room 1) at 22°C for 12 hours.
The subjects were then transferred to a second room (Room 2), where they were kept for
another 12 hours at 10°C. The group consisted of six men and six women, all the same age.
They were fed an identical diet in Rooms 1 and 2. After the 12 hours in each room, the level
of hormone X in each subject’s blood was determined.

Why were six men and six women used for the experiment, instead of just one of each sex?
What was the experimental test?

What was the control test?

What was the independent variable?

What was the dependent variable?

What variables were controlled (according to the description of the experiment)?

Can you think of any other variables that should have been controlled? If so, explain why.
Do you think the experiment would have been a fair test?

What results would have supported the hypothesis?

What results would have disproved the hypothesis?

o g owunhWN
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activityls Testing the product claims for Hairnu

Hairnu is a product that claims to

stimulate the growth of hair.
Design an experiment to test

the claims that are made in this

advertisement for Hairnu. In your s
design, make sure you cover all the Overcome baldness with HAIRNU
following points. New hair growth visible in just
« What will be your independent
variable? 1 4 days'
« What will be your dependent |
Yhac v YOU WILL BE AMAZED!
« State the hypothesis that you are
testing.
« What variables will you need to
control? A

» How will you provide a control
test so that you will be able to
see whether Hairnu does what it
claims to do?
 Howwlyou measure your Before HARNU /At ter HAIRNU
results?
» How many people will you need to
test to get a reliable result?
« Draw a table to show how you
would present your data.
« What results would support your hypothesis? What results would disprove your
hypothesis?
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activityle Tabulating data

In this activity, you will practise drawing up a table to organise data.

Some students were investigating the effect of temperature on the activity of a digestive
juice. They added 20 mL of the digestive juice to 50 mL of an emulsion containing standard
quantities of oil and protein. The time taken for all the oil and all the protein to be digested
was measured. This same procedure was repeated at a number of different temperatures. The
results of the students’ experiment are shown pictorially below.

Start time

40 = 40 = 40 = 40 = 40 = 40 =
35 & 35 5 35 5 35 = 35 = 35 =
30 5 30 5 30 5 30 5 30 = 30 5
255 258 252 25:| 257 25:
Temperature 20 = 20 E 20 E 20 £ 20 £ 20 £
offlasks °C) 15| 155 15H| 155 15| 15¢
108 108 105 10| 108 1w0°:
55 55 55 55 55 5§
0% 0% O0F 07 O0F OF

L. 2 >
Allproteinin the flask  uan]  [fEgs] [210] [1&08] [S4G] [1339

was digested at

Alloilinthe flask ERE]  [FWR) [958 [&28] [635] [HS

was digested at

1 What were the independent and dependent variables in the students’ experiment?
2 Draw up a table to show the data they collected.

activityl7 Graphing

1 The table below shows data on the weights of five babies from birth to one year.
a What is the dependent variable and what is the independent variable?
b Plot the data as a graph in the most appropriate manner.

S WEGHThe
-—————
59 8.5 9.6

Amnah 2.1 10.7
Hamish 33 6.6 8.2 9.5 111
Chiu-Yin 34 6.3 7.9 9.3 1.2
Chloe 2.9 6.0 75 8.9 9.9
Ivy 3.2 6.7 84 9.8 11.6

2 Regular surveys of alcohol consumption are conducted in Australia. The annual consumption
of wine, per person, over a number of years is shown in the table below.
a Identify the dependent and independent variables in these data.
b DPlot the data as a graph in the most appropriate manner.

Litres 14.2 18.2 19.7 21.3 19.1 18.3 18.3 197 205 21.8 234

Source: Australian Bureau of Statistics, Cat. No. 1329.0, 2005. CC-BY 4.0
(https://creativecommons.org/licenses/by/4.0/)
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CHAPTER 1 SUMMARY

Human biological science is the study
of humans, both as individuals and
populations, and their interactions with
their environment.

Science is both a process of inquiry and
a body of knowledge.

Our knowledge about humans is
continuing to grow as we build on the
discoveries of other scientists.

There are different fields of human
biology, such as anatomy, biochemistry,
cytology, physiology and psychology.
Scientific investigations involve
literature review, observation,
classification and/or experimentation.
A hypothesis is a possible explanation
for a problem that can be tested.

The hypothesis can be used to predict
the results.

The variable is the factor that is tested,
and the results are compared to the
control experiment where nothing is
changed.

Controlled variables are factors that are
kept the same in both the control and the
test.

The scientific method is a series of steps

for scientific investigations. The steps are:

recognition of a problem, collection of
information, making a hypothesis, testing
the hypothesis, collection of data, and
analysis of data to reach a conclusion.
Scientific investigations have an
independent variable, which is changed
and affects the dependent variable.

All other variables are controlled. This
ensures a fair test.

9780170449090

Data collected can be quantitative

(numerical) or qualitative (descriptive).

Experiments should be repeated by

conducting the same test a number of

times. This means that any individual

variation will have less effect on the

results.

Data can be organised in a table and

represented in a graph. Line graphs are

used for continuous data, column graphs

are used for discrete data, and histograms

are used for frequencies.

The conclusion summarises what the

data shows and whether it supports or

disproves the hypothesis.

The experiment is evaluated for its:

validity: whether it fairly tested the

hypothesis or not

— accuracy: whether the results are
correct

— reliability: whether the results for the
same test are similar.

Errors may be human errors, random

errors or systematic errors.

Any investigations involving humans or
animals need to be ethically sound. They
need to have voluntary participation,
informed consent, minimal risk of harm,
confidentiality and anonymity.

Some investigations have a placebo,

an inactive form of the test. In a blind
experiment, the subjects do not know
whether they are receiving the placebo
or not. In a double-blind experiment,
neither the researcher nor the subject
knows who is receiving the placebo.
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CHAPTER EB GLOSSARY

Accuracy The extent to which the
measurements are correct

Bar graph A graph for discrete data using
horizontal bars

Blind experiment An experiment where
the subjects do not know whether they are
receiving the test treatment or the placebo

Classification The grouping of organisms
based on the similarity of their characteristics;
the placement of organisms into groups

Column graph A graph for discrete data
using vertical bars

Conclusion A summary of how the data
supports or disproves the hypothesis

Continuous data Quantitative data with an
infinite number of possibilities

Control A procedure carried out to give a
comparison in an experiment

Controlled variable A factor kept the same
for both the control and the experimental
groups in an experiment

Data Observations and measurements; the
results of an experiment

Dependent variable In an experiment,

the factor that changes in response to
changes made to the independent variable;
also called the responding variable

Double blind experiment An experiment
where neither the subject nor the
experimenter knows who receives the test
treatment or the placebo

Ethical behaviour Behaviour that conforms

to a set of moral principles or values

Ethics Moral principles or values

Fair test An experiment that only changes
the independent variable and controls all
other variables to test the hypothesis
Histogram A graph to represent the
frequency distribution of data

Human biological science The scientific
study of humans and their interaction with
their environment

Human error An error due to the limitations
of human ability

Hypothesis A possible explanation to
account for observations; plural hypotheses

Independent variable In an experiment,
the factor being investigated; the factor
deliberately changed to determine its effect;
also called the experimental variable or the
manipulated variable

Interpretation An attempt to explain the
observations

Line graph A graph used to represent
continuous data

Observation The process of using the
senses to acquire information

Placebo A substance or procedure that
has no therapeutic effect but is used as a
control test

Placebo effect A change or improvement in
patients who are given a placebo or ‘dummy’
treatment

Prediction
the future

A guess at what might happen in

Qualitative data Observations that do not
involve numbers or measurement

Quantitative data Data expressed in
numbers; usually involves measurement
Random error An error in an experiment due
to limits to the precision of the measurements
Reliability The extent to which an
experiment gives the same result each time it
is performed

Repetition Doing the same experiment
many times

Scientific method A process of conducting

valid investigations
Systematic error An error that occurs
in an experiment because of the way the
experiment was designed

Test A method used to collect data to determ-
ine whether a hypothesis is supported or not

Theory A hypothesis becomes a theory when
there is overwhelming evidence in support of it

Validity The extent to which an experiment
tests what it is supposed to test

Variable Any factor that may change during
an experiment
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CHAPTER B REVIEW QUESTIONS

Recall

1 a What is science? 4 List the characteristics of a good
b Why is human biology a science? hypothesis.

2 a Describe a hypothesis. 5 Describe the two types of experimental
b Why do scientists make hypotheses? error, including how the effects of each

3 a Define ‘literature review’. type can be minimised.
b  When would you carry out a 6 List the ethical principles that must be

literature review? satisfied in any research project.

Explain

7 Use an example to explain why 12 a Explain the difference between the
classification is an important part of experimental group and the control
science. group in an experiment.

8 Explain why an experiment must have a b What is the purpose of the control
control. group?

9 Why is repetition important in scientific | 13 A university study was conducted to

investigation?

10 The results of experiments are expressed
as measurements whenever possible.
Explain the reason for this.

11 Explain the difference between a
hypothesis and a scientific theory.

investigate the effect of altitude on

breathing rate. Use this example to:

a explain the difference between the
independent and dependent variables
in an experiment

b describe the controlled variables in
an experiment.

Apply
14 a Explain the difference between the
validity and the reliability of the
results of an experiment.
b How would you make sure that the
results of an investigation are valid?
¢ How would you make sure that the
results of an experiment are reliable?
15 An American doctor, William Bean,
studied the growth of his fingernails for
35 years. He filed a horizontal line on
his thumbnail just above the cuticle (the
strip of skin at the base of the nail). By
recording how long it took the mark to
reach the tip of the thumbnail he was
able to calculate the growth rate. He was
eventually able to conclude:

A 35-year observation of the growth
of my nails indicates the slowing

of growth with increasing age. The
average daily growth of the left
thumbnail, for instance, has varied
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from 0.123 mm a day during the
first part of the study when | was
32 years of age to 0.095 mm a day
at the age of 67.

Source: W Bean, ‘Nail growth: Thirty-five
years of observation’, The Guardian,
24 February 2004

a Suggest a hypothesis that Dr Bean
was testing.

b State the independent and dependent
variables.

¢ List some of the variables that should
have been controlled in Dr Bean'’s study.

d Describe one source of random error
in the investigation.

e Measure the length of your
thumbnail. Assume that your
thumbnail grows at the same rate
as that of the 32-year-old Dr Bean.
How long did it take the tip of your
thumbnail to grow from the cuticle to
its present position?
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16

17

f Do you think your fingernails and
toenails grow at the same rate?
Propose a hypothesis and outline an
investigation that you could do to test
your hypothesis.

Suppose you wished to find out whether

people could tell the difference between

normal instant coffee and decaffeinated
instant coffee.

a Propose a hypothesis and outline a
blind experiment that you could do to
test your hypothesis.

b How could you make your
experiment into a double-blind
experiment?

Some scientists were testing a new drug

called Presslo. It was hoped that Presslo

would reduce blood pressure in people
whose blood pressure was too high. The
scientists selected two groups of people,
all of whom were quite healthy but had
high blood pressure. All the people were

aged between 50 and 55 years. There

were 100 people in each group and each

group had equal numbers of males and

females. One group was given a Presslo

tablet at 8 a.m. each day. The control

group was given a sugar pill at 8 a.m.

each day. The blood pressure of the

people in both groups was measured and

recorded at the same time each day.

a What was the independent variable in
this experiment?

b What was the dependent variable in
the experiment?

¢ List four variables that were
controlled in the experiment.

d List two variables that were not
controlled in the experiment.

e What was the purpose of the control
group?

f Why did the scientists have so many
people in each group?

Extend

18

19

20

21

Why are reports of scientific

investigations published?

Why do scientists use such a lot of

technical terms?

Is history a science? Is music a science?

Give reasons for your answers.

The word ‘malaria’ comes from two

Italian words: male meaning ‘bad’, and

aria meaning ‘air’. The ancient Greeks

and Romans believed that malaria was
caused by ‘bad air’ associated with
swamps and marshes. We now know that
this is not the case.

a Find out how the Ancient Greeks and
Romans tried to stop the spread of
malaria.

b Use resources to find out what causes
malaria.

¢ What were some of the experiments
that were done to determine the cause
of malaria?

d Which scientists were instrumental
in discovering the cause of
malaria? How was their discovery
communicated to others?
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CELLS MAKE
UP THE HUMAN
BODY

9780170449090

UNIT 1 CONTENT
SCIENCE INQUIRY SKILLS

»

conduct investigations, including monitoring body functions;
use microscopy techniques; and perform real or virtual
dissection, safely, competently and methodically for the
collection of valid and reliable data

select, construct and use appropriate representations,
including labelled diagrams and images of various cells,
tissues and organ systems, to communicate conceptual
understanding, solve problems and make predictions
communicate to specific audiences, and for specific
purposes, using appropriate language, nomenclature, genres
and modes, including scientific reports

SCIENCE UNDERSTANDING

Cells and tissues

»

the human body is comprised of cells, tissues and organs
within complex systems that work together to maintain life
cell organelles maintain life processes and require the input
of materials and the removal of wastes to support efficient
functioning of the cell

the cell membrane separates the cell from its surroundings
with a structure, described by the fluid mosaic model, which
allows for the movement of materials into and out of the cell
by diffusion, facilitated diffusion, osmosis, active transport
and vesicular transport (endocytosis/exocytosis)

factors affecting the exchange of materials across the

cell membrane include surface area to volume ratio,
concentration gradients, and the physical and chemical
nature of the materials being exchanged

the various tissues of the human body perform specific
functions and can be categorised into four basic tissue types:
epithelial, connective, muscular and nervous

Source: School Curriculum and Standards Authority,
Government of Western Australia
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CELLS

A cellis the smallest structure that can perform life’s functions. Some living organisms are made up of
only one cell, while others are made up of many cells that work together. This means that cells are the
basic structural and functional units of all living organisms, including plants and animals. This is a basic
principle of biology and is known as the cell theory.

Key concept

The cell theory states that all organisms are made of cells, which are the basic unit of life and arise from

pre-existing cells.

The human body contains countless millions of cells. In just 1 mL of human blood there are about
5 million red blood cells. There are up to 6000 mL of blood in an adult human, and blood is just one
of the many tissues that make up the human body!

The structure of the human body, and the way in
which it functions, result from the activities of all its
cells. Everything we do results from the combined and
coordinated actions of our cells. Each cell, however, is an
individual unit with requirements that must be satisfied if it is
to function normally.

All cells are very small — so small that you need a
microscope to see most of them. They vary in size and
shape. Despite these variations, all human cells have a
similar basic structure.

FIGURE 2.1 Red
blood cells are one
type of cell

Questions 2.1

RECALL KNOWLEDGE APPLY KNOWLEDGE

1 State the cell theory. 3 Compare and contrast cells in a human body
2 Why do we use a microscope to view cells? with bricks used to build a house.

CELL STRUCTURE

The structure of cells allows them to meet the requirements of life.
Cells are made up of the following parts:

o cell membrane — the outer boundary of the cell

Cell th L .
Watchfhis Sf;?tlvideo cytoplasm — those parts of the cell within the cell membrane, except for the nucleus; includes the

about cell theory. jelly-like fluid and the organelles suspended in it

e organelles — structures suspended in the cytoplasm that carry out particular functions

e cytosol - the liquid part of the cytoplasm

e cytoskeleton — internal scaffolding of protein fibres within the cytoplasm

e inclusions — chemical substances occurring as granules or liquid droplets in the cytoplasm.

Figure 2.2 shows all the parts of a cell and summarises their structures and functions.

It is important to realise that the diagram is a model of cell structure — no cell would be
exactly like the one shown. Cells have many different shapes and differing numbers of the
various organelles.
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Vesicle — a membrane-bound sac
that transports materials into, out of
or within the cell.

Cell membrane - the outer
boundary of the cell that separates
it from neighbouring cells and
from the external environment.
Made up of a double layer of lipid
molecules and associated proteins.
Determines which substances get
into or out of a cell.

Golgi body - flattened,
membranous bags stacked on top
of each other. They modify proteins
and package them in vesicles for
secretion from the cell. Vesicles are
pinched off from the edges of the
membranes.

Mitochondria — spherical or
elongated structures spread
through the cytoplasm. Have a
double membrane — the outer
one smooth, the inner one folded
in towards the centre of the
mitochondrion. Mitochondria
release energy for the cell through
the process of respiration.

Nucleus — usually ovoid or
spherical; contains the genetic
material, mostly DNA; separated
from the cytoplasm by a nuclear
membrane. The membrane is
double and has gaps, nuclear
pores, through which large
molecules can pass.

Nucleolus is composed mainly of
RNA. The DNA and nucleolus are
suspended in a jelly-like
nucleoplasm.

CHAPTER 2 | Cells make up the human body

Cytoplasm - thick fluid within
the cell membrane and all the
structures suspended in it. Cytosol

N is the liquid part of the cytoplasm:
75-90% water. Organelles are
specialised structures suspended
in the cytoplasm (described in blue
boxes).

2.1 Cell colouring

Centrioles — a pair of cylindrical
structures usually located near
the nucleus; involved in the
reproduction of the cell.

Endoplasmic reticulum (ER)

— pairs of parallel membranes
extending through the cytoplasm
and connecting the cell membrane
with the nuclear membrane.
Provides a surface on which
chemical reactions can occur.

The channels between the paired
membranes are used for storage
or transport of materials. Most ER
has ribosomes attached — rough
or granular ER; some have no
ribosomes — smooth or agranular
ER.

Lysosomes — small spheres that
contain enzymes able to break
down proteins, lipids, nucleic
acids and some carbohydrates.
Lysosomes break down materials
that are taken into the cell or break
down worn-out organelles.

l

Ribosomes — very small and
spherical; may be free in the
cytoplasm but most are attached to
membranes. Amino acids are joined
together at the ribosomes to make
proteins.

Cytoskeleton — consists of
microfilaments and microtubules
that give the cell its shape and
assist the movement of materials,
organelles or the whole cell.

Inclusions — substances that are
not part of the cell structure but
are found in the cytoplasm, e.g.
haemoglobin in red blood cells;
pigment in cells of the skin, hair
and eyes.

FIGURE 2.2 Model of cell structure and functions

Cell membrane

The cell membrane, or plasma membrane, separates the cell contents from the environment outside
the cell and from neighbouring cells. It encloses the contents of the cell and controls what is able to

enter and leave. The cell membrane is very thin — too thin to be seen clearly with a light microscope.
The structure of the membrane will be discussed in detail later in the chapter.

9780170449090
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FIGURE 2.3 Structure
of the nucleus
showing the double
membrane

Cells of most organisms have complex systems of internal membranes in addition to the plasma
membrane. These internal membranes form structures inside the cell called organelles.

Cytoplasm

Cytoplasm is the jelly-like or watery material inside the cell that fills all the space between the nucleus
and the cell membrane. It is made up of the cytosol and organelles.

Cytosol

The cytosol is the liquid part of the cytoplasm. It is 75% to 90% water, with a complex mixture of
dissolved substances such as salts and carbohydrates. Other compounds, such as proteins and fats,
do not dissolve but are suspended in the watery fluid.

The cytosol is where most of the metabolic reactions occur. It also plays a role in controlling the
osmotic pressure of the cell and the flow of chemicals into and out of the cell.

Organelles

The structures within a cell are called organelles. Different types of organelle are specialised for
particular functions. Many of the organelles are formed by the cell's internal membranes.

Nucleus

Almost all cells contain a single nucleus, although some, such as liver cells, have two or more nuclei and
mature red blood cells have no nucleus at all. The nucleus is the largest organelle in the cell and is usually
oval or spherical in shape. A nuclear membrane separates the nucleus from the cytoplasm. The nuclear
membrane is actually a double membrane — two membranes separated by a space. Numerous gaps, or
nuclear pores, in the nuclear membrane
allow large molecules, such as messenger
RNA, to enter and leave the nucleus.
Inside the nucleus is the DNA
(deoxyribonucleic acid), which contains
Inner inherited information. When the cell
membrane s not dividing, the DNA is in the form
Outer of long threads called chromatin. In a
membrane  dividing cell, the threads thicken and coil
= to form chromosomes. DNA contains the
information that determines the type of
proteins a cell can make. In this way the
nucleus, with its DNA, controls the structure
{ . Nuclear of the c.ell and the way it functions.
4 pores Inside the nucleus, the nucleolus
plays a part in manufacturing proteins.

Nucleoplasm

Nucleolus

Nuclear
pores

Ribosomes

Ribosomes are very small, spherical organelles. At the ribosomes, amino acids are joined together
to make proteins. Ribosomes may be either free in the cytoplasm or attached to membranes within
the cells such as the endoplasmic reticulum.

Endoplasmic reticulum

Pairs of parallel membranes extend through the cytoplasm of the cell from the cell membrane to

the nuclear membrane. The network of channels formed by the parallel membranes is called the
endoplasmic reticulum, or ER. It is thought that the membranes of the endoplasmic reticulum
provide a surface for chemical reactions, while the channels are for storing or transporting molecules.
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The endoplasmic reticulum can be classified as rough endoplasmic reticulum, when ribosomes
are attached to the outside of some membranes, or smooth endoplasmic reticulum, when there are
no ribosomes attached to the outside.

FIGURE 2.4
Ribosomes a Electron

micrograph showing
endoplasmic
reticulum with
ribosomes

attached; b Diagram

showing the
Membranes of

A . three-dimensional
endoplasmic reticulum

arrangement of the
membranes

Golgi body

The Golgi body (sometimes called the Golgi apparatus) is a series of flattened membranes stacked
one upon the other. Usually the Golgi body is positioned near the nucleus. Its function is to modify
proteins and to package them for secretion from the cell. Proteins produced at the ribosomes
pass through the channels of the endoplasmic reticulum to the Golgi body. At the edges of the
membranes of the Golgi body, small sacs of liquid containing proteins are formed. These sacs are
surrounded by a membrane and are called vesicles.

(b Golgi apparatus

Transport vesicle — o

Newly forming
vesicle

Shutterstock.com/Tefi

Secretory vesicle

FIGURE 2.5 a Transmission electron micrograph showing section through a Golgi body; b Diagram indicating the three-
dimensional shape of the Golgi body

Lysosomes

Lysosomes are small spheres, bound by a membrane, that are formed from the Golgi body. They
contain digestive enzymes that are able to break down large molecules. When particles, or liquids,
are taken into a cell they form vesicles in the cytoplasm. Lysosomes can join with these vesicles, and
the digestive enzymes they contain break down the material inside the vesicle. Lysosomes also digest
worn-out organelles in a similar way.
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FIGURE 2.6 Digestive
enzymes within
lysosomes break
down material inside
vesicles

FIGURE 2.7

a Electron
micrograph showing
section through

a mitochondrion;

b Diagram

showing a three-
dimensional view of
a mitochondrion

Organelles in a cell
Use this animation to
review the organelles

in a cell.
Cell structure
Use this website to
review the structure of
cells.

P Motta & T Naguro

oto Library/Professors

Science Ph

Exocytic vesicle
containing undigested
LY material

Food vacuole /,:9

Food particle —’
P N Phagocytosis

containing
digestive
enzyme

/

¢ 4

Mitochondria

Mitochondria (singular: mitochondrion) are spherical or sausage-shaped structures that are spread
throughout the cytoplasm. Each has a double membrane. The smooth outer membrane surrounds
the mitochondrion, while the inner membrane, called the cristae, is arranged into a series of folds that
extend into the interior of the organelle.

Some of the chemical reactions of cellular respiration occur in the mitochondria. The folding
of the inner membrane produces a large surface area on which these chemical reactions can take
place. Because the reactions of the mitochondria make energy available for the cell’s activities, these
organelles are often called the ‘powerhouses’ of the cell.

0

Fold of inner
membrane

Quter
membrane

Cilia and flagella

Some cells have fine projections that can beat back and forth to move either the whole cell or
substances over the surface of the cell. If the projections are short and numerous, resembling tiny
hairs, they are called cilia. If they are longer, and there is only one or two of them, they are called
flagella. One place in which cilia occur is in the cells lining the trachea, where they move mucus
and trapped particles towards the throat. In humans, only one type of cell — the sperm cell — has a
flagellum; this enables the sperm to swim to the egg.

Cytoskeleton

The cytoskeleton is a framework of protein fibres that gives the cell its shape and assists cell
movement. It consists of:
* microtubules — hollow rods that keep organelles in place or move them around the cell

* microfilaments — which move materials around the cytoplasm or move the whole cell.
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Stock Photo/Science Photo Library

Alamy

FIGURE 2.8 Scanning electron micrograph of the
wall of the trachea showing the cilia

Inclusions

Inclusions are chemical substances that are not part of the cell structure but are found in the
cytoplasm of the cell. Examples of inclusions include haemoglobin, the red pigment in red blood
cells, and the pigment melanin in cells of the skin, hair and iris of the eye.

Key concept

The structures of the cell work together to meet the cell's needs and allow it to fulfil its function.

Questions 2.2
RECALL KNOWLEDGE

Label the structures on the diagram of a cell.

2 Describe the function of the:

a
b
®
d

nucleus
mitochondria
microtubules
cytoplasm.

3 Explain the difference between cilia and flagella.

4 State the difference between rough and smooth endoplasmic reticulum.

5 Describe the role of nuclear pores.
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sperm cells with flagella

FIGURE 2.9 Scanning electron micrograph showing

Shutterstock.com/udaix

Science Photo Library/Dennis Kunkel Microscopy

EZ)

Activity 2.1
Observing cells

EZ)

Activity 2.2
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Making a model of a cell
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APPLY KNOWLEDGE

6 Explain how ribosomes, the endoplasmic reticulum and the Golgi body work together.
7 Explain why muscle cells have a large number of mitochondria.
8 Explain why cells vary in their size and shape.

CELL REQUIREMENTS

For normal functioning, cells in the human body need to be in a stable environment that continually
supplies the materials they need and continually removes any materials they produce.

The immediate environment of a cell is the fluid that surrounds it; the tissue fluid or extracellular
fluid. Even cells that appear to be very close together when observed under a microscope have
a thin layer of fluid between them. This fluid allows a continual exchange of materials into and out
of cells.

Body systems work together to ensure that the cellular environment is kept constant. This is
called homeostasis. The cells are maintained at a constant temperature, surrounded by fluids with a
constant concentration.

To carry out their functions, cells need to take in certain substances from the tissue fluid. As
they process these substances, they produce materials that must then be removed from the cell.
Depending on their particular role, different cells have different requirements and produce different
materials. However, there are certain substances that all cells require and all cells produce.

During cellular respiration, glucose and oxygen are used to produce carbon dioxide, water and
energy. Therefore, cells need to be supplied with oxygen and glucose, while carbon dioxide and water
are removed.

Many cells also produce substances that will be used elsewhere in the body, such as hormones
and enzymes. Other wastes, in addition to carbon dioxide, are also produced. All these products are
released into the tissue fluid.

Structure and function of the cell membrane

Each cell is surrounded by a cell membrane that separates the internal and external environment.
Substances that enter or leave the cell must pass through this membrane; therefore, it is very
important in determining which substances will get into or out of a cell.

The cell membrane and all the membranes within the cell have a similar structure. Even with an
electron microscope the detailed structure of cell membranes is too small to be seen. For this reason,
models have been proposed to account for the behaviour and composition of the cell membrane.

In science, a model is a simple explanation of a complex idea. The currently accepted model for cell

membrane structure is called the fluid mosaic model. The membrane is said to be fluid because the

molecules of which it is made are constantly changing position, and it is said to be mosaic because it
is composed of many different kinds of molecules.

The main structure of the membrane is composed of phospholipid molecules, which are lipid
molecules containing a phosphate group. The phospholipids are arranged in two layers, known as a
bilayer. Each phospholipid molecule has a head that is hydrophilic (water-loving), and a tail that is
hydrophobic (water-hating). The phospholipids are arranged in the two layers with their heads on
the outside and tails on the inside. They drift from place to place with their heads and tails moving,
keeping the membrane fluid.

Key concept

The fluid mosaic model explains the structure and function of the cell membrane.
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Embedded in the phospholipid

' Extracellular fluid FIGURE 2.10 The
bilayer of the membrane are cholesterol Phospholipid phospholipid bilayer
and protein molecules. The cholesterol that makes up the
molecules are wedged between the B basic structure of the

. Hydrophilic head
phospholipids. These molecules are OOG__ cell membrane
important for the function integrity and
stability of the membrane. Cell membranes
have a variety of protein molecules, Bilayer — | Hydrophobic tails

including receptor proteins, channel
proteins, carrier proteins and cell-identity
markers. Some of these molecules extend
from one side of the membrane to the
other, while others are bound to the -
membrane surface. Only about 2% of the

molecules in the membrane are proteins,

yet they make up about 55% of the mass of

Hydrophilic head

the membrane. This is because proteins are ST
very large molecules.
Channel Carrier
Phospholipid protein protein Cell-identity marker
Structure of the cell
membrane

Use this website to
review the structure of
the cell membrane.

4y

Activity 2.3
Making a model
membrane

Cholesterol

Phosphate hea

Integral (polar/hydrophilic)
proteins

Fatty acid tail
(non-polar/hydrophobic)

FIGURE 2.11 Model of a cell membrane, showing the phospholipid bilayer and protein and cholesterol molecules

Functions of the cell membrane

The cell membrane has the following main functions:

e [tacts as a physical barrier. The membrane separates the cell cytoplasm from the extracellular
fluid around the cell. Isolation of the cytoplasm from the surrounding fluid is important because
their compositions are very different.

e [t regulates the passage of materials. The membrane controls the movement of materials into
and out of the cell — for example, the entry of ions and nutrients, the removal of wastes and the
release of secretions.
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FIGURE 2.12
The different types
of cellular transport

» [tis sensitive to changes. The cell membrane is the first part of the cell affected by any changes
in the extracellular fluid. It also has receptors that are sensitive to particular molecules in its
immediate environment.

e [t helps support the cell. The internal part of the cell membrane is attached to the
microfilaments of the cell's cytoskeleton (see Figure 2.2 on page 27), thus giving support to the
whole cell. There are also connections between the membranes of adjacent cells, providing
support to the whole tissue.

Transport across the cell membrane

Cell membranes are described as being differentially permeable, semipermeable or selectively
permeable. This means that they allow certain ions and molecules to pass through but restrict the
movement of others.

Materials may pass through a cell membrane in different ways. Some transfer mechanisms are
passive processes, while others are active. Passive processes do not use energy, whereas active
processes use the cell's energy in the form of adenosine triphosphate (ATP).

Three basic processes result in transport of materials into or out of a cell:

» Simple diffusion — a passive process resulting from the random movement of ions and molecules;
osmosis (also a passive process) is a special case of diffusion where water passes across the
membrane.

e facilitated transport — a process that requires special proteins in the cell membrane, either
channel proteins or carrier proteins; it may be passive transport or active transport, depending
on the exact nature of the mechanism.

o \Vesicular transport — an active process in which materials are moved in
membrane-bound sacs.

. Facilitated transport Vesicular transport
Simple |

diffusion [ | | |

]
i
i
]
i
i
]
I
i
\/

Key concept

The transport of materials into and out of cells is controlled; this may occur by diffusion, facilitated
transport or vesicular transport.
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Simple diffusion

Diffusion is the spreading out of particles so that they are evenly distributed over the space available.
It occurs in gases and liquids because the molecules of gases and liquids are constantly moving.
They move in random directions and in straight lines until they hit another molecule or the wall of
the container. A deflected molecule then continues in a straight line until it hits another obstacle.
Molecules moving away from an area in which they are concentrated experience fewer collisions
than those moving towards the area of higher concentration. They therefore stay on their straight
paths longer and move out into areas where the concentration of those molecules is lower. In this way,
the molecules become evenly spread over the space available. The random movement of molecules
continues, but the chances of collision are the same in whatever direction the molecule is travelling.
Figure 2.13 shows how a sugar cube dissolves in water and how the molecules of sugar spread
out until they are evenly spread throughout the water. As the sugar dissolves, the sugar molecules
near the cube are more concentrated than those near the surface of the water. The difference in
concentration that brings about diffusion is called a concentration gradient, or diffusion gradient
(Figure 2.14). The greater the difference in concentrations, the ‘steeper’ the diffusion gradient and the
faster the rate of diffusion (Figure 2.15).

Sugar molecule
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.- - " More and more sugar ~ Eventually, all the sugar
A sugar cube is dropped into Sugar molecules begin to molecules move away and molecules become evenly
a beaker of water. break off from the cube. randomly bounce around. distributed throughout the
water.
FIGURE 2.13 Diffusion results in the sugar being evenly distributed in the water
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FIGURE 2.14 The higher the
concentration gradient, the greater FIGURE 2.15 The difference in
the rate of diffusion concentration between two areas

determines the concentration gradient
and, therefore, the rate of diffusion
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FIGURE 2.16 The
movement of
particles during
diffusion and
equilibrium

Diffusion
Watch an animation of
diffusion.

Osmosis
Watch an animation of
osmosis.

2.2 Transport across a
membrane

The movement of liquid or gas molecules from places of higher concentration to places of
lower concentration, along a concentration gradient, is more correctly called net diffusion. This is
because there will also be some molecules moving against the concentration gradient in the opposite
direction. While there is a difference in concentrations, there will be more particles moving from the
area of high concentration to the area of low concentration. Once the concentrations are the same,
the same number of particles will be moving in each direction.

Movement of particles
being equal in

Molecules of dye Semipermeable

membrane (cross-section)

equilibrium

WATER

Net diffusion Net diffusion Equilibrium

Alcohol, steroids and other fat-soluble substances can easily enter cells because they can diffuse
through the lipid portions of the membrane. Oxygen and carbon dioxide can also diffuse through the
phospholipid bilayer. This type of diffusion is referred to as simple diffusion.

» Oxygen diffuses into cells because it is continually used up inside the cell for respiration.

The concentration of oxygen inside the cell is therefore lower than the oxygen concentration

outside the cell. Because of this concentration difference, there is net diffusion of oxygen into

the cell.
e Carbon dioxide is continually produced inside the cell by respiration. The higher concentration
of carbon dioxide inside the cell means that there will be net diffusion of carbon dioxide out

of the cell.

Water-soluble substances are unable to pass directly through the lipid portion of the membrane
and hence require other modes of transport that are discussed in the next section.

Osmosis

Osmosis is a special type of diffusion: the diffusion of a solvent through a differentially permeable
membrane in order to balance the concentration of another substance. As water is the most
important solvent in the human body, osmosis can be considered to be the diffusion of water across a
differentially permeable membrane. The water will move from an area where a solute such as sugar is
in low concentration to an area where the solute is in high concentration. As more water moves into
the high concentration, the solution will become diluted, lowering the concentration. At the same
time, as the water moves out of the area of the low concentration the concentration will increase.
This occurs because, if there are equal volumes in both areas, where there is more solute there will
be less solvent. The concentration of water is therefore lower. Conversely, the area of the lower
concentration of solute will have a higher concentration of water. In this way, water is moving from
the area of high concentration to low concentration of water.

Large polar molecules, such as glucose, and ions, such as sodium ions, are unable to cross the
cell membrane directly as they are repelled by the hydrophobic tails in the phospholipid bilayer.
However, water molecules are small enough to be able to pass through the cell membrane, since
they can fit between the lipid tails. Water also crosses the membrane by passing through protein
channels; this form of transport is discussed in the next section.

Figure 2.17 shows a beaker divided in two by a differentially permeable membrane. On one
side of the membrane is pure water; on the other side is a sugar solution. Water molecules can
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pass through the membrane, but the sugar molecules will stay on the same side of the membrane.
Because of the difference in concentration, more water molecules will move from the water to the
sugar solution than in the opposite direction. The sugar solution will gain water.

Differentially
permeable
membrane
v
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c ater molecule
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Equal numbers of water molecules pass through the membrane in each direction.
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Lower concentration of water molecules:
fewer water molecules pass through the
membrane from this side.

Higher concentration of water molecules:
more water molecules pass through the
membrane from this side.

Note that in Figure 2.17, the level of liquid on the water side of the membrane has dropped,
whereas the liquid level on the sugar side has risen. This higher level on one side of the membrane
results from a pressure, known as osmotic pressure. The higher the concentration of solute (in this
case, the sugar), the higher the osmotic pressure.

Facilitated transport

In facilitated transport, proteins in the cell membrane allow molecules to be transported across the
membrane. These proteins are channel proteins, which form protein channels, and carrier proteins,
which allow carrier-mediated transport.

Protein channels

To diffuse across a cell membrane, water-soluble molecules must pass through protein channels in
the membrane, allowing facilitated diffusion. These channels provide a pathway for the hydrophilic
particles to travel through to cross the cell membrane without coming in contact with the
hydrophobic inner portion. The protein channels are very small in diameter, but water and ions can
easily get through. Larger molecules are too big to fit through the channels.
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Extracellular fluid — outside the cell

Alcohol, steroids and other Oxygen and carbon dioxide
fat-soluble molecules can diffuse through the cell
diffuse through the lipids membrane.

in the membrane.

Cell membrane

Channel protein
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Large molecules that cannot diffuse through lipids ‘ soluble molecules and
cannot cross the membrane unless they are ions diffuse through
transported by a carrier mechanism. L. ® protein channels.
Cytoplasm — inside the cell {

FIGURE 2.18 Diffusion of different molecules across a cell membrane
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Carrier-mediated transport
/ While channel proteins provide a channel through the membrane, carrier proteins are only open on
E‘Zj one side of the membrane at a time. When the specific substance binds to the binding site within the
protein, the protein changes shape and opens to the other side. The substance can then be released

Activity 2.4 . . .
Investigating diffusion on the side opposite to where is entered.
through a differentially Some important characteristics of carrier-mediated transport are as follows:
permeable membrane e The carrier proteins are specific; they will only bind to a particular molecule. For example, the

carrier that transports glucose cannot transport any other molecules, even simple sugars that are
very similar to glucose.

» Carriers can become saturated. Once all the available carriers are occupied, any increase in the
concentration of molecules to be transported cannot increase the rate of movement.

» Carrier activity is regulated by substances such as hormones. Hormones are important in
coordinating the activities of carrier proteins.

There are two main types of carrier-mediated transport.

1 Facilitated diffusion occurs when substances are transported through a protein along the
concentration gradient, from a higher concentration on one side of the membrane to a lower
concentration on the other. This is a passive process, as it does not require the input of energy.
During carrier-mediated facilitated diffusion, the molecule to be transported, such as glucose,
attaches to a binding site on the specific carrier protein. The protein changes shape and the
molecule is released on the other side of the membrane.

2 Active transport requires energy in the form of ATP because substances are transported
across the membrane against the concentration gradient, from lower to higher
concentration. The process of active transport is similar to that of facilitated diffusion
via carrier proteins, but its big advantage is that it does not depend on a concentration
gradient. Using active transport, a cell can take in or pass out substances regardless of their
concentrations inside or outside the cell.
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Carrier protein

Active transport

Simple
diffusion

Vesicular transport

Facilitated diffusion

Facilitated transport

Vesicular transport is the movement of substances across the cell membrane in membranous sacs
called vesicles. This is an active process, because energy from the cell is needed to form the vesicles.
Endocytosis is taking liquid or solids into the cell by vesicular transport. The cell membrane

folds around a droplet of liquid or a solid particle until the droplet or particle is completely
enclosed. The vesicle formed then pinches off and is suspended in the cell's cytoplasm. Taking
liquids into the cell in this way is called pinocytosis; when the vesicles contain solid particles it is

called phagocytosis.

Exocytosis is when the contents of a vesicle inside the cell are passed to the outside. A vesicle
that is formed inside the cell migrates to the cell membrane and fuses with the membrane. The
contents of the vesicle are then pushed out into the extracellular fluid.

9780170449090
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FIGURE 2.19
Comparison of
channel proteins and
carrier proteins

FIGURE 2.20 Simple
diffusion and
facilitated transport

Transport across a cell
membrane
Use this website to
review the transport of
materials across a cell
membrane.
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© Endocytosis

FIGURE 2.21
a Endocytosis;
b Exocytosis

0 Exocytosis

ock.com/Aldona Griskeviciene

TABLE 2.1 Summary of types of transport across the cell membrane

TYPE OF TRANSPORT PASSIVE OR ACTIVE SUBSTANCES TRANSPORTED

Simple diffusion

Simple diffusion of solute  Passive Water, oxygen, carbon dioxide, alcohol, fatty acids,
steroids; ions such as sodium, potassium, calcium; lipids;
soluble drugs

Osmosis Passive Water

Facilitated transport

Facilitated diffusion Passive Glucose, amino acids

Active transport Active Certain ions, glucose, amino acids

Vesicular transport

Endocytosis Active Cholesterol, iron ions;

micro-organisms and cell debris but only by certain
specialised cells

Exocytosis Active Secretions, such as mucus or digestive juices

Movement within the cell

Molecules and ions move within the cell mostly by diffusion. Remember that diffusion is the
spreading of particles so that they are evenly distributed over the space available. Thus, as molecules
of a substance are used up in one part of the cell, other molecules will spread to take their place.
For example, as oxygen is used up by the mitochondria for respiration, a lower concentration of
oxygen is created. Oxygen will then diffuse into the area of lower concentration from areas of higher
concentration within the cell.

There are also structures that transport substances. The endoplasmic reticulum is used to
transport substances within the cell — particularly proteins that the cell has made. These are
transported to the Golgi body for secretion from the cell.
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Microtubules are very fine tubes
that help to maintain the shape of
the cell and to hold the organelles
in place. They also act like railway
tracks, guiding organelles or molecules
to particular places within the cell.
Microtubules are not permanent
structures but are able to be broken
down or built up as needed in the
various parts of the cell.

FIGURE 2.22
Fluorescent light
micrograph of
microtubules,
showing the
nucleus (blue) and
microtubules (green)

Why are cells so small?

The cells in a human body vary greatly

erinck, NCMIR

in size. Most human cells are extremely
small; between 10 and 15 micrometres
(um) in diameter (1 um is one-
thousandth of a millimetre). Nerve cells
may have extensions up to a metre long,
and muscle cells up to 30 cm long.
However, both nerve and muscle cells
are too thin to be seen with the naked eye. Human egg cells have a diameter of up to 100 ym and
may be just visible to the naked eye.

There is a limit to how big a cell can be. All the requirements and products of a cell must pass
across the membrane that surrounds the cell. Thus, the relationship between the surface area of
the cell and the volume is very important. Imagine that an apple is a cell. If the apple is cut in half,
each piece has half of the original volume, but each piece has more than half of the original surface
area. Cutting the apple in half has created extra surface area because of the two cut surfaces. If you
continue to cut the apple into smaller and smaller pieces, the surface-area-to-volume ratio of the
pieces gets bigger and bigger. In the same way, a small cell will have a larger surface-area-to-volume
ratio than a large cell.

) y FIGURE 2.23 Human
\‘!‘ cells have varied
|

omas Dee

r

9& sizes and shapes
&

Red blood
cells

Fat cell Ovum

‘OYO“@ Sperm

Cells lining
intestinal tract

Bone Smooth >
cell muscle Neuron

cell in brain
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FIGURE 2.24 The

relationship between

the surface area of a
cell and its volume.
When the diameter
of a cell is doubled,
its volume is eight

times greater, but its

surface area is only
four times greater

EZ)

Activity 2.5
What size is it?

EZ)

Activity 2.6
Investigating surface
area and volume

Figure 2.24 illustrates how doubling the length of the side of a cube-shaped cell results in eight
times the volume, but only four times the surface area. As a cell grows, its ability to exchange enough
materials to support its increasing volume is diminished because the volume increases at a greater
rate than the surface area. A large cell could not support itself because it would not have enough
surface to absorb the nutrients required, and remove the wastes produced, for its large volume. To
function effectively, most cells have to be microscopic.

20 pm

Double the ’

length

10 pm

20 pm

Length = 20 pm

Surface area = 20 um X 20 um X 6 = 2400 um?
Volume = 20 um X 20 um X 20 um = 8000 um3
Surface-area-to-volume ratio = 2400/8000 = 0.3

Length = 10 um

Surface area = 10 pm X 10 um X 6 = 600 um?2
Volume = 10 um X 10 pm X 10 um = 1000 um3
Surface-area-to-volume ratio = 600/1000 = 0.6

Key concept

The surface-area-to-volume ratio limits the size of individual cells.

Questions 2.3
RECALL KNOWLEDGE APPLY KNOWLEDGE

1 Define 'extracellular fluid' 6 Compare and contrast the two types of

2 Draw a labelled diagram of the fluid mosaic
model of the cell membrane.

3 List the substances that all cells need to take in.

State the functions of the cell membrane.
5 Which type of transport actively moves
substances in membrane-bound sacs?

carrier-mediated transport.

Explain why a cell will expand when placed in a
solution of a low concentration of a solute such
as sugar.

Explain why steroids are able to diffuse
directly through the membrane, but glucose

requires a carrier protein.
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HOW CELLS MAKE A BODY

The body is organised on four structural levels.

1 Cells, the lowest structural level, are specialised to carry out different functions. Muscle cells
are able to shorten in length; red blood cells are able to transport oxygen; cells of mucous
membranes secrete mucus; and so on.

2 Cells with similar specialisations that carry out a common function are grouped together into
tissues. For example, groups of muscle cells make up muscle tissue, groups of nerve cells make
up nervous tissue, and groups of bone cells form bone.

3 Different types of tissues work together as organs. An organ is normally made up of two or more
tissues. The stomach is an organ with epithelial tissue on the inside and muscular tissue in the
wall; the heart is an organ made up of muscular tissue and nervous tissue.

4 The highest level of organisation is the system. A system is a group of organs that work together
for a common purpose. For example, the respiratory system supplies oxygen and removes carbon
dioxide from the blood. Some of the organs that make up the respiratory system are the lungs,
diaphragm, intercostal muscles between the ribs, trachea, larynx and nose.

The body systems are all integrated into the one living thing, the organism.

Tissues

A tissue is a group of cells that are similar in structure and that work together to carry out a particular
task. The structure of the tissue and the function it performs can be used to classify it into one of four
basic types. These four basic types of tissue are epithelial tissue, connective tissue, muscular tissue
and nervous tissue.

Epithelial tissue

Epithelial tissue, or epithelium, is a covering or lining
tissue. The outer layer of the skin is an epithelial tissue.
Organs including the heart, kidneys, intestines, liver and
lungs are covered with epithelium (see Figure 2.25). It
also lines the inside of organs, so the inner layer of the
heart, stomach, intestines and other hollow organs is
made up of epithelium.

The cells that make up epithelium are very closely
joined together. They vary in shape from thin and flat
to column-shaped and cube-shaped, depending on
the particular tissue. The cells that line the inside of
your mouth are an example of thin, flat epithelial cells.
Because they fit very closely together, they form a very
smooth surface.

FIGURE 2.25 Example of epithelial tissue from
the intestinal villus

Connective tissue

Connective tissue provides support for the body and helps to hold all the body parts together. One
of the characteristics of connective tissue is that the cells are not close together like they are in
epithelium. They are separated from each other by large amounts of material that is not made of cells.
This non-cellular material is called matrix.

Connective tissues include bone, cartilage, tendons, ligaments and fat storage (adipose)
tissue. Blood is often classified as a connective tissue (see Figure 2.27). The matrix of blood is the
liquid in which blood cells are suspended.

9780170449090
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The lining inside the mouth . ]

®————— Outer layer of the skin

Covering the outside of
the lung

Covering and inner
lining of the heart

Covering the outside of
the kidneys and lining the
fine tubules inside the kidneys

Inner lining of the
stomach and intestines

FIGURE 2.26 Location of some epithelial tissues

Muscular tissue

The cells of muscular tissue, often called muscle fibres, are long and thin and can contract to become
shorter. There are three different types of muscular tissue: skeletal, smooth and cardiac muscle.

Skeletal muscle makes up the muscles that are attached to bones. These are the muscles that you
can feel in your arms and legs. We have voluntary control over these muscles so that we can move parts
of our bodies when necessary. Skeletal muscle is thus sometimes referred to as voluntary muscle. Under
a microscope, skeletal muscle fibres are seen to have stripes, or striations, across them, so another name
for this muscle is striated muscle. The nature of the striations will be discussed in Chapter 8.

Smooth muscle does not have any striations, and therefore, is also called non-striated muscle.
It is found in the walls of the stomach and intestines, in the walls of blood vessels, in the iris of the
eye, in the uterus and many other organs. We cannot contract smooth muscle voluntarily, and hence
it may also be called involuntary muscle.

Cardiac muscle (also known as heart muscle) makes up most of the heart. When heart muscle
contracts, it pumps the blood. Heart muscle cannot be voluntarily controlled.
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Cell
Cell nucleus
Collagen
fibre Collagen
fibres
Other fibres
A Loose connective tissue D Fibrous connective tissue
(under the skin) (forming a ligament)
Fat droplets ’ Cells
Cell nucleus Matrix
B Adipose tissue E Cartilage
(at the end of a bone)
Central
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blood cells
Matrix
Red
blood cell
Cells
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FIGURE 2.27 Examples of connective tissue in the body

Smooth muscle Cardiac muscle Skeletal muscle

FIGURE 2.28 The three different types of muscle tissue

Shutterstock.com/Aldona Griskeviciene
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EZ)

Activity 2.7
Looking at tissues

Nervous tissue

Nervous tissue is made up of specialised nerve cells that are called neurons. Neurons have long
projections from the body of the cell. When part of a neuron is stimulated, messages can be carried
along these projections from one part of the body to another.

Nervous tissue is found in the brain, the spinal cord and the nerves.

rstock.com/Illustra

Shuttet

FIGURE 2.29 A three-dimensional image of nervous tissue

Key concept

Similar cells are arranged into tissues that carry out a common function. The different types of tissue are

epithelial, connective, muscular and nervous.

Organs

Organs are body structures that are made up of two or more types of tissue. The tissues of an organ
work together to carry out a particular task. For example, the heart is mostly muscle tissue, but it is
covered and lined with epithelium. It also contains nervous tissue to make the muscle contract. All
these tissues work together to pump the blood, which is a connective tissue.

Organs are distinct structures that usually have a recognisable shape. For example, you are
probably familiar with the shape of the heart, the stomach, the lungs or the brain, all of which are
organs.

Some large organs have smaller organs within them. The skin is the largest organ in the body and
within it are many smaller organs, such as the sweat glands, nerves, hair and nails.
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Systems

The various organs are organised into body systems, sometimes called organ systems. A system
is a group of organs that work together to carry out a particular task. For example, the role of the
digestive system is to break down food and to absorb it into the blood. Some of the organs that work
together to allow the digestive system to carry out these tasks are the mouth, stomach, intestines
and liver.

The main systems of the body and their functions are listed in Table 2.2.

TABLE 2.2 The major systems of the body and their functions

BODY SYSTEM MAIN FUNCTION

Digestive Ingestion, breakdown and absorption of food

Respiratory Intake of oxygen and removal of carbon dioxide
Circulatory Transport of nutrients, oxygen and wastes to and from cells
Excretory Removal of wastes

Nervous Detection of changes in the environment and coordination of body activities
Endocrine Regulation and coordination of many body functions
Skeletal Support and protection of body parts

Muscular Movement and support

Immune Protection against infection by micro-organisms
Reproductive Production of new individuals

In addition to the major functions of systems listed in Table 2.2, most of the systems have
secondary functions. For example, the bones of the skeletal system store minerals and produce blood
cells, as well as providing support and protection. The circulatory system is involved in protection
against disease in addition to being the body’s transport system.

Each of the systems will be discussed in more detail in the chapters that follow.

The organism

All the body systems work together to meet the needs of a functioning organism. No system can

work in isolation; they all depend on each other. Heart muscle needs oxygen, which the respiratory

system supplies; brain cells need nutrients, which are absorbed by the digestive system and

transported by the circulatory system, and so on. @:/ﬁ\;l
Some organs are part of more than one system. The pancreas is part of both the digestive

system and the endocrine system. Therefore, organs such as the pancreas further contribute to the Activity 2.8

integration of the parts of the body. Touring the tissues

Questions 2.4

RECALL KNOWLEDGE

1 List the following in order from the lowest level of organisation to the highest: system, tissue, cell,
organ.

What type of tissue is bone?

Define 'tissue'

List three locations of epithelial tissue.

What are nerve cells called?

o1 A W N

State the function of the circulatory system.
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APPLY KNOWLEDGE

7 Classify each of the following tissues.

Clockwise from top left: Shutterstock.com/Angel Soler Gollonet; iStock.com/tonaquatic; Science Photo Library/Biophoto

Associates; Science Photo Library/Anne Weston, Francis Crick Institute

8 Explain the difference between tissues and organs.
9 Explain why the cells in epithelial tissue are closely packed together.
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CHAPTER 3 ACTIVITIES

activity 2.1 Observing cells

This activity will familiarise you with using a microscope to observe cells. You may have to
work with a partner.

You will need

Microscope and microscope lamp; prepared microscope slides of cheek cells; minigrid or piece
of millimetre graph paper

What to do

1 Use the illustration below to identify the parts of your microscope. Check:

a the number of objective lenses on your microscope and their magnification
whether your microscope has a condenser with a condenser focus knob
whether your microscope has a mirror or a built-in light source
whether your microscope has an iris diaphragm or a wheel diaphragm.

. 0 T

Eyepiece lens

Coarse adjustment

Microscope tube
or barrrel
Fine adjustment

Revolving nosepiece
Arm

. N Stage clip
High-power objective lens

Slide Stage

Inclination joint

Iris diaphragm adjustment ——————®

Condenser

Mirror adjustment

Base
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2 Rotate the nosepiece of the microscope so that the low-power objective lens (the shortest
one) is in line with the body tube. It should click into position. If the microscope has a mirror,
look through the eyepiece and move the mirror so that it reflects light up through the
opening in the stage. If you are using a microscope lamp, use the concave side of the mirror.

3 While looking through the eyepiece, open and close the iris diaphragm or rotate the wheel
diaphragm. If your microscope has a condenser, focus it up and down and observe any
changes in light intensity.

4 Place a minigrid, or a slide with a piece of millimetre graph paper, on the stage. Lower
the body tube until the objective lens almost touches the slide. While looking through the
eyepiece, use the coarse adjustment to slowly raise the body tube until the specimen comes
into view. With the fine adjustment, focus as sharply as possible. (Never focus down while
you are looking through the eyepiece. The objective lens may hit the slide and break it, or
the lens may be scratched.)

5 Move the slide so that one of the grid lines is
on the very left of the field of view (see figure at
right). As the grid lines are 1 mm apart, you can \
estimate the field of view using low power.

6 Remove the minigrid and place a prepared
microscope slide of cheek cells on the stage of
the microscope so that the cells you wish to < ¢
examine are over the hole in the stage. 1000,um or 1 mm

7 Focus the microscope on low power. Adjust the

diaphragm so that you can see the maximum » /
amount of detail. Note that you can often see v Grid lines
more detail with a reduced light intensity,

especially if the cells are almost transparent.

Howtousea 8 Turn the revolving nosepiece so that the high-
microscope power objective lens is in line with the barrel. If you do this carefully, the microscope
Follow th . .
instruoctﬁxs fsrs ism g should remain in focus or almost in focus.
a microscope. 9 Identify any structures that you can see in the cheek cells.

Studying your observations

1 What happens to the light intensity when you adjust the iris diaphragm or wheel
diaphragm?
How does focusing the condenser affect the light intensity?
Which way does the image move when you move the slide on the stage to the right?
When you move the slide towards you, which way does the image move?
Compare what you can see with high power and low power. On which magnification do you
see more of the specimen?
On which magnification is the image brighter?
7 Multiply the magnification of each of the objective lenses by the magnification of each of
the eyepieces. List the magnifications that are possible with your microscope.
8 What was the field diameter on low power?
9 Estimate the diameter of the cheek cells in millimetres on the prepared slide.
10 One millimetre equals 1000 micrometres (um). What is your estimate of the diameter of an
average cheek cell in micrometres?
11 Draw a large, labelled diagram showing one or two cheek cells.
12 The cheek cells that you observed had been stained. What is the advantage of
staining cells?

b wWwN
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acTiviTy 2.2 Making a model of a cell

Make a model of a cell showing all, or most, of the structures described in Figure 2.2

(on page 27). Use any materials you like to show the relative sizes and approximate shapes

of the structures. Some ideas are lollies or other food items, household items, 3D printing,
craft items or a virtual model. Label each of the structures, or number them and provide a key
to the numbers.

ACTIVITY 2.3 Making a model membrane

Make a model of a cell membrane to show the membrane structure.

Think about the various components that you will need to show in your model.
Everyday items could be used to represent each component, or you could construct the
shapes in some way.

Label all the structures that make up the membrane.

AcTIVITY 2.4 Investigating diffusion through a differentially
permeable membrane

To get into and out of cells, substances must pass through the differentially permeable cell
membrane. This activity will give you some understanding of the properties of differentially
permeable membranes.

You will need

Cellulose tubing; glass tubing; 250 mL beaker; retort stand, clamp and boss; small elastic band;
marking pen; starch suspension, 10%; iodine solution (iodine-potassium-iodide, I KI)

What to do

Cut a length of cellulose tubing about 12 cm long.

Tie a tight knot in the tubing near one end. Wet the tubing and open it so that it forms a bag.

Add starch suspension to the bag until it is nearly full.

Use an elastic band to attach the

cellulose bag to the end of the glass

tubing, as shown in the diagram at

right. Ensure that your elastic band is

very tight so there are no leaks. e _.__— Glass tubing

5 Rinse the cellulose bag and glass /
tubing under the tap to remove any \
starch from the outside.

6 With a marking pen, mark the level of
starch suspension in the bag.

7 Lower the bag into a beaker of water
and hold the tubing erect using a
retort stand and clamp.

8 Add iodine solution to the water A "
outside the bag until the water is pale : i
yellow.

9 Leave the set-up to stand for at least 40 minutes, and overnight if necessary.

P WN R

-

\\Q— Beaker
[ Tight elastic band
Cellulose tubing

bag containing
starch suspension
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Studying your results

Record any change in:
+ the level of solution inside the cellulose bag or glass tubing
« the colour of the solution in the bag and the solution outside the bag.
Use your results to discuss and record answers to the following questions.
1 Do you have any evidence that any molecules passed from the beaker into the bag?
Describe any such evidence.
2 Do you have any evidence that any molecules moved from inside the bag to the outside?
Explain your answer.
3 Which has larger molecules: starch or iodine-potassium-iodide? Explain your answer. (You
can estimate relative molecule size from the results of the experiment.)
4 Use the description of osmosis in this chapter to explain the changes that occurred in the
experimental set-up.
5 If the cellulose bag containing starch suspension were a model of a cell, which part of the
cell would be represented by the cellulose bag itself?
6 Predict what would happen if an isolated animal cell were placed in distilled water.

AcTIvITY 2.5 What size is it?

This activity will give you some practice in calculating the size of
cells.

Figure 1 shows some cells as seen with the high power of a
microscope.

1 If the field diameter is 0.5 mm, what is the approximate
length and breadth of cell A in millimetres and in
micrometres?

2 If the objective lens was changed from 40X to 10X, what
would be the new field diameter?

3 How many cells the same size as cell A would fit end-to-end
across the field with this new field diameter?

4 A student drew the cell shown in Figure 2. The actual length
of the cell was 100 pm. What is the magnification of the
student's drawing?

5 Estimate the length and width of the cell shown in Figure 3.

FIGURE 1 Cells seen with the
high power of a microscope

K

N 4 L
| ) ¥ 1

£
o

100 pm
FIGURE 2 This cell is 100 pm long FIGURE 3 A cell

6 Estimate the diameter of the nucleus of the cell in Figure 2.
7 How many of the cells in Figure 3 would fit side-by-side across a field of view that has a
diameter of 1.6 mm?

9780170449090



CHAPTER 2 | Cells make up the human body S3

SOUTHERN \’ Developed by Southern Biological
Biological

acTiviTY 26 Investigating surface area and volume

The relatively small size of cells allows molecules in and out of their membranes. If a cell becomes
too large, the centre cannot be serviced efficiently. As the size of an object increases, the volume
increases at a greater rate than the surface area. For a cell, this means that the efficiency of the
exchange of materials across a membrane is reduced, and therefore the cell's ability to take in
enough nutrients is also reduced. In addition, toxins may be retained for too long.

Using agar cubes with indicator, vinegar and some simple mathematics, we can see what
effect a small increase in surface area has on volume.

Aim

To determine the relationship between surface area and volume ratio and its relationship to
diffusion rates.

Time requirement: 45 minutes

You will need

Prepared agar cubes impregnated with bromothymol blue indicator (1 x 1 cm3, 1 x 2 cm?,
1 x 3 cm?d); vinegar (acetic acid) 150 mL; 250 mL beaker; plastic or metal spoon; clock or timer;
ruler; calculator; paper towel; disposable gloves

Risks

WHAT ARE THE RISKS IN
THIS INVESTIGATION?

Glass beaker may break or  Inspect and discard any chipped or cracked beakers, no matter how small the

HOW CAN YOU MANAGE THESE RISKS TO STAY SAFE?

have chipped edges damage. Sweep up broken glass with brush and dustpan; do not use fingers.
Disposable gloves may Use a type of glove that removes allergy risk and is suitable for the chemicals
pose allergy risk being used.

Acetic acid may produce Ensure the investigation is performed in a well-ventilated space.

an irritant vapour

What to do
1 Propose a hypothesis for this

investigation. _ R

2 Put on disposable gloves and
measure each cube in height
(H), width (W) and length (L) to
calculate surface area (SA) and
initial volume (V).

3 Half-fill the beaker with
vinegar, ensuring that the
largest cube can be submerged,
and place one cube of each size
into the beaker.

4 After four minutes, remove the cubes, patting them dry with paper towel, and measure the
portion of each that is still blue. Try to minimise the amount of time the cubes are out of
the vinegar.

5 Replace the cubes and then repeat, leaving them in for four minutes at a time and measuring
the dimensions of the blue portion after every four minutes for a total of 20 minutes.
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6 Calculate the volume of the portion of the cube that is still blue (V) after each four-minute
interval and the percentage of the whole cube that the vinegar has penetrated (%P).
Studying your results
Copy and complete the following tables.

Initial measurements

SA = surface area
= initial volume

<€

Measurements over time (complete one table for each cube)

P = penetration of the vinegar into the cube
V, = initial volume (from table above)
V¢ = volume of the part of the cube that is still blue

0

12
16
20

Discussion

1 Explain why the agar cubes change colour when placed in the vinegar solution.
2 Describe the relationship between the surface area and the rate at which diffusion occurs.
3 Create a graph of time in minutes (x-axis) against the %P (y-axis) of each cube.
Comparing them all on one graph will demonstrate the differences in the rate of diffusion
of each.

Conclusion

Summarise your findings. Comment on your hypothesis, explaining the advantages and
disadvantages of cell size and including real-life examples.

Taking it further

Create a graph of initial surface-area-to-volume ratio (x-axis) against the time in minutes for
the whole cube to change colour (y-axis) to demonstrate that as the ratio increases, the time
taken to completely penetrate will decrease in a non-linear fashion.
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activity 27 Looking at tissues

In this activity, you will use your microscope skills to observe some of the cells and tissues
described in this chapter.

You will need

Microscope and microscope lamp; prepared slides of tissues

What to do

When looking at cells on the prepared slides, remember that they have been stained to show up
the structure of the cell and its contents. Many slides contain more than one tissue. If you are
uncertain which cells to look at, check with your teacher.

I Epithelial tissues

Look at some epithelial cells scraped from the inside of the cheek. If you have already done
Activity 2.1, you may be able to skip the cheek cells.
1 Draw a few of the cells and write a description of them.
2 Estimate the size of an individual cell.
3 Explain how the structure of the cells is suited to their function of providing a smooth
lining to the inside of the cheek.

II Connective tissues

Look at a slide of cartilage.
4 Inwhat ways does cartilage tissue differ from the cheek cells that you observed?
5 How is the structure of cartilage suited to its function of providing structural material that
is firm but flexible?

Fat storage tissue is called adipose tissue. Examine a slide of adipose tissue.
6 Draw a few cells from adipose tissue and write a description of them.
7 Estimate the diameter of one adipose cell.
8 How is the structure of adipose tissue related to its function of fat storage?

III Muscular tissue

Examine a slide of skeletal muscle fibres.
9 Draw part of a skeletal muscle fibre and write a description of it.
10 Why are muscle cells known as fibres?
11 How many nuclei are present in the fibre that you have drawn?
12 Why is skeletal muscle sometimes known as striped or striated muscle?

Studying your observations

1 List the cells that you have seen in order from smallest to largest.
2 Write a brief paragraph explaining the relationship between the structure and function of
tissues.

activity 28 Touring the tissues

Imagine that you are the size of a red blood cell and you are taking a group of other tiny
people on a tour of the tissues of the body. Describe what you would tell the tourists about the
appearance, structure and function of the tissues that they would see.
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CHAPTER B SUMMARY

Living things are made up of cells Substances are able to move across the
whose activities allow the organism to cell membrane by various means.
function. — With simple diffusion, they move
Cells are made up of: with the concentration gradient
— acell membrane directly across the membrane. If the
— acytoplasm made up of the jelly-like substance is water, the movement is
cytosol and the organelles suspended called osmosis.
within it — Facilitated transport uses membrane
— the nucleus proteins. Channel proteins allow
— acytoskeleton facilitated diffusion, while carrier
— inclusions. proteins allow facilitated diffusion
e Each organelle has a specific role within or active transport. Facilitated
the cell. diffusion is a passive process as the
Organelles include: movement is with the concentration

gradient, whereas active transport is
an active process as it is against the
concentration gradient.

— Vesicular transport involves
membrane-bound sacs called vesicles.
Endocytosis brings substances into
the cell, whereas exocytosis removes

— the nucleus, which controls the
functioning of the cell

— ribosomes, which are the site of
protein synthesis

— endoplasmic reticulum, which form
channels and are involved in storing
and transporting molecules

— the Golgi body, which modifies and substances.
packages proteins e The size of cells is limited by the surface

— vesicles, which are membrane-bound area required to supply the needs of the
volume. As the cell gets larger, the surface-

sacs
— lysosomes, which contain digestive area-to-volume ratio decreases, and
enzymes therefore larger organisms are made up of
— mitochondria, which are the site of many cells rather than one large cell.
cellular respiration e The structure of the body is organised
— cilia and flagella, which are important into systems, which are made of organs,
in moving particles or cells. which are made of tissues, which are
e Cells need to take in their requirements, made of cells.
including glucose and oxygen, and Tissue is classified as follows:
remove wastes produced, including — Epithelial: lines and covers organs.
carbon dioxide. — Connective: provides support and
e The cell membrane provides a physical connection — includes bone, cartilage,
barrier, controls the movement of tendon, ligaments and fat storage.
substances into and out of the cell, — Muscular: tissue that is able to
and provides sensitivity and support contract either voluntarily (skeletal
for the cell. muscle) or involuntarily (cardiac or
e The cell membrane is described smooth muscle).
by the fluid mosaic model, with — Nervous: makes up the brain and
a phospholipid bilayer arranged nerves, carries messages around the
with the hydrophilic heads on the body.
outside and the hydrophobic tails on * Each body system is made up of organs
the inside. that allow it to fulfil a specific function

within the organism.
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CHAPTER [ GLOSSARY

Active process A process that involves the
expenditure of energy

Active transport The use of energy to
move substances, usually ions, across a cell
membrane against the concentration gradient

Bilayer Two layers that make up a single
membrane

Cardiac muscle The muscle that forms the
wall of the heart

Carrier-mediated transport Transport of
ions or molecules across a cell membrane by
special carrier proteins

Carrier protein A protein that carries
substances from one side of the cell
membrane to the other

Cell membrane A membrane that forms the
external boundary of a cell; also called the
plasma membrane

Cell theory The principle that all living
organisms are made up of cells and the
materials produced by cells

Cellular respiration The chemical reactions
that make energy available for the cell;

also called tissue respiration or internal
respiration

Channel protein A protein that allows ions,
water and small molecules to pass through
the cell membrane

Chromosome One of the 46 rod-like
structures that appear in the nucleus of a
human cell at the commencement of cell
division and carry the genetic information,
composed of nucleic acids and proteins

Cilia Hair-like projections on the outside

of a cell; they beat rhythmically to move the
whole cell or to move material across the cell
surface; singular: cilium

Concentration A measure of the number of
particles in a given volume

Concentration gradient A difference in
concentration of a solution, often between
the inside and outside of a cell; also called
diffusion gradient

Connective tissue Tissue providing support
for body organs

9780170449090

Cytoplasm The contents of a cell, excluding
the nucleus; also called protoplasm

Cytoskeleton An internal scaffolding of
protein fibres within the cytoplasm of a cell

Cytosol The liquid part of the cytoplasm of
a cell

Deoxyribonucleic acid A molecule in the
nucleus of a cell that determines the types of
protein that a cell can make

Differentially permeable membrane
Membrane that permits the passage of
certain substances (usually small molecules)
but restricts the passage of others (large
molecules); also called a semipermeable,
partially permeable or selectively permeable
membrane

Diffusion The movement of particles of a
liquid or a gas so that they are distributed
evenly over the available space; usually

taken to mean the net movement of ions

or molecules from a higher to a lower
concentration until they are evenly distributed

Diffusion gradient see concentration
gradient

DNA see deoxyribonucleic acid

Endocytosis The process by which a cell
takes in materials by enfolding and enclosing
them; includes phagocytosis and pinocytosis

Endoplasmic reticulum A network of
membranes forming channels through the
cytoplasm of a cell; it is used for storage,
support, synthesis and transport within the cell

Epithelium Tissue that forms the outer part
of the skin and that lines hollow organs and
ducts; a covering tissue; also called epithelial
tissue; plural: epithelia

Exocytosis The process whereby the
contents of the vesicles of cells are pushed
out through the cell membrane

Extracellular fluid Fluid found outside
the cells; it includes tissue fluid and blood
plasma; also called tissue fluid

Facilitated diffusion The process whereby
proteins allow the movement of substances
through the cell membrane along the
concentration gradient
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Facilitated transport Proteins in the cell
membrane allow molecules to be transported

across the membrane

Flagella A long projection from a cell; often
has the function of moving the cell

Fluid mosaic model The currently accepted
model of cell membrane structure

Golgi body A structure in the cytoplasm
of a cell consisting of a stack of flattened
channels; it packages materials for secretion
from the cell; sometimes called Golgi
apparatus

Heart muscle see cardiac muscle

Homeostasis The maintenance of a
relatively constant internal environment
despite fluctuations in the external
environment

Hydrophilic Water-loving
Hydrophobic Water-hating

Inclusion Chemical substances inside a cell
in the form of granules or droplets

Involuntary muscle Muscle that is not
under our conscious control; found in walls
of internal organs; also called non-striated
muscle or smooth muscle

Lipid Large organic molecules made up of
fatty acids and glycerol

Lysosome A small sphere formed from a
Golgi body; contains digestive enzymes

Matrix Non-cellular material between the
cells of a tissue

Microfilament Protein fibres that move
materials around the cytoplasm or move the
whole cell

Microtubule Fine tubes that help to
maintain the shape of the cell and hold the
organelles in place

Mitochondrion A structure in the cytoplasm
of a cell in which the aerobic stage of
respiration occurs; plural: mitochondria

Muscle fibres The long cylindrical cells that
make up skeletal muscles

Nervous tissue Tissue made up of nerve

cells (neurons)
Net diffusion see diffusion

Neuron A nerve cell

Non-striated muscle see involuntary
muscle

Nuclear membrane A membrane that
separates the nucleus of a cell from the
cytoplasm
Nuclear pore Gaps in the nuclear

membrane

Nucleolus A structure within a cell’s
nucleus; involved in protein synthesis

Nucleus A large organelle in a cell; contains
DNA

Organ A structure made up of different
types of tissue working together

Organelle Structures within the cytoplasm
of a cell, each with specific functions

Organism A living thing, with different
body systems all integrated

Osmosis The diffusion of water molecules
through a differentially permeable membrane
from an area of higher water concentration to
an area of lower water concentration

Osmotic pressure The pressure due to
differences in concentration on either side of
a differentially permeable membrane

Passive process A process that occurs
without any input of energy

Passive transport The transport of
substances across the cell membrane without
the input of energy

Phagocytosis The process by which a cell
surrounds, and takes in, solid particles

Phospholipid A lipid molecule that
contains a phosphate group

Pinocytosis The process by which cells
enfold, and take in, drops of liquid

Plasma membrane see cell membrane

Protein channel A pathway through a
protein in the cell membrane that allows the
passage of substances across the membrane

Ribosome Site of protein synthesis;
located on the surface of rough endoplasmic
reticulum in eukaryotic cells

Rough endoplasmic reticulum A form of
endoplasmic reticulum that is covered with
ribosomes that give it a rough appearance;
involved in the synthesis of proteins
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Simple diffusion The process of substances
moving along the concentration gradient

in a solution or across a semipermeable
membrane, without the use of membrane
proteins

Skeletal muscle Muscle attached to
bones, under voluntary control; also called
voluntary or striated muscle

Smooth endoplasmic reticulum A form of
endoplasmic reticulum that is involved in
the synthesis of lipids; is not covered with
ribosomes

Smooth muscle see involuntary muscle

Solvent A substance, often water, in which
a solute is dissolved

Striated muscle Muscle made up of dark
and light bands; includes skeletal and
cardiac muscle

System A group of organs that work
together for a common function; also called
an organ system

Tissue A group of cells that are similar in
structure and function

Tissue fluid Fluid found in the spaces
between the cells; also called interstitial
fluid or extracellular fluid

Vesicle A small membrane-bound cavity
in the cytoplasm of a cell, smaller than a
vacuole

Vesicular transport  The transport of
materials into or out of a cell in membrane-
bound sacs; also called bulk transport

Voluntary muscle Muscle under voluntary
control
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CHAPTER [ REVIEW QUESTIONS

Recall
1 Name the organelles commonly found in | 4 What is a vesicle? Describe two ways in
human cells. which vesicles can be formed.
Describe the organisation of a cell. 5 Many cells have inclusions. Give two
Describe the functions of the following examples of inclusions.
organelles: 6 List the substances that:
a mitochondria a are required by all cells
b endoplasmic reticulum b have to be removed from all cells.
¢ ribosomes 7 Label the diagram of the fluid mosaic
d nucleus. model of the cell membrane.

8 Use a diagram to describe diffusion. 10 Describe the level of organisation within
9 Define ‘active transport’ and provide an the human body.
example that occurs in humans. 11 Copy and complete the table below
regarding the four different types of
tissues.

12 Choose two body systems and list the organs that are part of each of those systems.
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Explain

13 Explain the difference between the
cytosol and cytoplasm.

14 The nuclear membrane has large gaps in
it. Explain the importance of these gaps.

15 Why are most cells microscopic?

16 Explain the relevance of concentration
gradient.

17 Explain the role of proteins in transport
across a cell membrane.

18

19

Explain the differences in function
between the three types of muscle tissue.
Explain why, in the lungs, oxygen
diffuses from the air into the blood but
carbon dioxide diffuses from the blood
into the air.

Apply

20 Unlike plant cells, animal cells have no
cell wall. How is the shape of a human
cell maintained?

21 Compare and contrast diffusion and
osmosis.

22 Explain the importance of the structure
of a mitochondrion.

23

24

Explain how the structure of the cell
membrane makes it permeable to some
molecules but not to others.

A red blood cell placed in distilled water
swells up and bursts, but a red blood

cell placed in sea water (about 3% salt)
shrivels. Explain why this happens.

Extend

25 Predict how human cells would be
different if the cell membrane was
completely impermeable, rather than
selectively permeable.

26 Explain how lysosomes and vesicles may
work together.

27 Would you expect the cells of a large
mammal, such as an elephant, to be
larger than those of a small mammal,
such as a mouse? Explain your answer.

28 Some experts do not regard the nucleus
as an organelle. Suggest possible reasons
why they believe that the nucleus should
be classified separately from other
organelles.
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29

Patients who have suffered severe blood
loss or dehydration have to be given
large volumes of fluid. A fluid that is
often given is a 0.9% solution of sodium
chloride, known as normal saline. Why
is saline solution given, rather than just
plain water?
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CELLS UNDERGO
CHEMICAL
REACTIONS

UNIT 1 CONTENT
SCIENCE INQUIRY SKILLS

»

conduct investigations, including monitoring body functions;
use microscopy techniques; and perform real or virtual
dissection, safely, competently and methodically for the
collection of valid and reliable data

represent data in meaningful and useful ways; organise and
analyse data to identify trends, patterns and relationships;
qualitatively describe sources of measurement error, and
uncertainty and limitations in data; and select, synthesise
and use evidence to make and justify conclusions

SCIENCE UNDERSTANDING

Metabolism

»

biochemical processes, including anabolic and catabolic
reactions in the cell, are controlled in the presence of specific
enzymes

cellular respiration occurs, in different locations in the
cytosol and mitochondria, to catabolise organic compounds,
aerobically or anaerobically, to release energy in the form of
adenosine triphosphate (ATP)

for efficient metabolism, cells require oxygen and nutrients,
including carbohydrates, proteins, lipids, vitamins and
minerals

enzyme function can be affected by factors including

pH, temperature, presence of inhibitors, coenzymes and
cofactors, and the concentration of reactants and products

Source: School Curriculum and Standards Authority,
Government of Western Australia
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METABOLISM

CHAPTER 3 | Cells undergo chemical reactions

Although cells differ greatly in size, shape and the function they perform, they all carry out chemical

processes that keep the organism alive.
All the chemical reactions that

take place in cells, and therefore in

the organism of which the cells are a

part, are referred to as metabolism.

Metabolism is made up of two different

types of chemical reaction:

» Catabolic metabolism is the reactions

in which large molecules are broken
down to smaller ones. This process is
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known as catabolism. Digestion is an
example of catabolism.

¢ Anabolic metabolism is the reactions in which small molecules are built up into larger ones. This
process is also referred to as anabolism. Protein synthesis is an example of anabolism.

Catabolic reactions release energy, whereas anabolic reactions require energy. Thus, metabolism
is concerned with maintaining a balance between energy release and energy utilisation.

Nutrients

A nutrient is any substance in food that
is used for growth, repair or maintaining
the body; that is, any substance required
for metabolism. There are six groups of
nutrients: water, carbohydrates, lipids,
proteins, minerals and vitamins.

Organic compounds

Organic compounds are molecules that
have a carbon chain. They also contain a
number of hydrogen atoms and may include
atoms of oxygen, nitrogen and sulfur.

Carbohydrates are the main source of
energy for cells. Simple sugars, particularly
glucose, are used in cellular respiration to
release energy. Complex carbohydrates,
such as starch, are broken down to simple
sugars.

All carbohydrates contain atoms of
carbon, hydrogen and oxygen; there

CARBOHYDRATES

Carbohydrates always contain carbon, hydrogen and oxygen.
There are always twice as many hydrogen atoms as oxygen atoms.

Monosaccharides are simple sugars or single-unit sugars; examples
are glucose, fructose and galactose.

Glucose

CH,OH

Fructose
o
4 HOCH, H
oH Ho \ I HO /" CH,0H
OH OH H

Disaccharides are two simple sugars joined together; examples
are sucrose, maltose and lactose.

Sucrose

CH,OH

T

CH,OH

are twice as many hydrogen atoms as oxygen atoms. Simple sugars are called monosaccharides.
Glucose, fructose and galactose are examples of monosaccharides.

Simple sugars are able to join together to form larger molecules. Disaccharides, such as sucrose,
maltose and lactose, are formed when two simple sugars join together.
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FIGURE 3.1
a Catabolism;
b Anabolism

Comparing catabolism
and anabolism

FIGURE 3.2 The
structure of glucose
and fructose

FIGURE 3.3 Sucrose
is a disaccharide
produced by a
molecule of glucose
and fructose bonding
together
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Polysaccharides are large numbers of simple sugars joined together; Polysaccharides are larger
examples are glycogen, cellulose and starch.

FIGURE 3.4 Starch is

a polysaccharide carbohydrate molecules formed when

many simple sugars join together. Glycogen,
cellulose and starch are examples of
polysaccharides.

Lipids include fats and oil and are
another important energy source. They
are broken down to fatty acids and
glycerol. The glycerol can then enter the
glycolysis pathway of cellular respiration
and is broken down to release energy in
a similar way to glucose. Other examples
of lipids are phospholipids, which are
important in the cell membrane, and
steroids, including cholesterol and the sex
hormones.

Each lipid molecule consists of one
CHZOH CHZOH CHZOH molecule of glycerol and one, two or three

fatty acid molecules. The most common fat,
> > including the fat that is stored in the body, is
triglyceride, which is composed of glycerol

and three fatty acid molecules.

Carbohydrates provide energy for body cells.

FIGURE 3.5 Lioid H O H H H H H H O H H H H H
=3 Hipids I [ O O S N O
are made up of H_C_C_T_(I:_T_(I:_T_H H—C—o—C—C—c—g—C—C—u
glycerol and fatty H H H H H Condensation H H H H H
acids
- 3H,0
O H H H H H O H H H H H
[ O O ] N O
T o o A A T A A
H H H H H Hydrolysis H H H H H
Py T
A o o A A A A A A
H H H H H H H H H H H H
Glycerol Fatty acids Triglyceride molecule

Proteins are organic compounds that are made up of many amino acids. With regard to
metabolism, the most important proteins made are enzymes. Enzymes influence metabolism by
controlling the chemical reactions that occur in the body. Proteins can also be used as a source of
energy, but only if the supply of carbohydrates and lipids is inadequate.

An amino acid is a molecule that contains both an amino group and a carboxylic acid group.
When two amino acids bond together, these two groups react to form a peptide bond, releasing
a water molecule. There are 20 different amino acids found in proteins, each one differing in the
structure of the side chain.

Proteins consist of 100 or more amino acids; their type and order are determined by the DNA
that codes for the protein’s production. Each protein has a characteristic shape due to the folding
of the chain. Shorter lengths of amino acids include dipeptides, with two amino acids joined, and
polypeptides, made up of more than 10 amino acids.
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PROTEIN

Proteins always contain carbon, hydrogen, oxygen
and nitrogen, and often sulfur and phosphorus.
They are made up of large numbers of smaller
molecules called amino acids. There are about

20 different amino acids; examples of amino acids
are glycine, alanine, valine and glutamic acid.

The bond that forms between amino acids is called
a peptide bond; two amino acids joined by a
peptide bond is a dipeptide.

Ten or more amino acids joined is a polypeptide.
Proteins consist of 100 or more amino acids. Each
protein’s chain of amino acids is folded in a unique way.
Proteins are important structural materials in the body.
All enzymes are proteins, so proteins are involved in all
the chemical reactions of the body.
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FIGURE 3.8 a RNA

is a single strand of
nucleotides; b DNA
contains a double
strand of nucleotides

3.1 Nutrients and
organic compounds

Other organic compounds include nucleic acids such as ribonucleic acid (RNA) and
deoxyribonucleic acid (DNA). DNA consists of two chains of nucleotides that contain the sugar
deoxyribose. It is the genetic material in the nucleus that stores inherited information. RNA is made
up of a single strand of nucleotides that contain the sugar ribose. These molecules carry information
from the DNA in the nucleus to the ribosomes for protein production.

NUCLEIC ACIDS Q DNA consists of two chains of nucleotides that
Nucleic acids are very large molecules containing contain the sugar deoxyribose.

carbon, hydrogen, oxygen, nitrogen and phosphorus.
They are made up of nucleotides, each of which
contains a nitrogen base, a sugar and a phosphate.
The two main kinds of nucleic acids are ribonucleic
acid, RNA, and deoxyribonucleic acid, DNA.

e DNA

. . . . strand 1
RNA consists of a single chain of nucleotides
that contain the sugar ribose.
DNA
strand 2
DNA is the
genetic material
in the nucleus
that stores
inherited
information.
RNA molecule DNA molecule

RNA carries information from the DNA in the nucleus
to parts of the cell where proteins are made.

Inorganic compounds

Inorganic compounds are not based on a carbon chain. Most do not contain carbon atoms at all, but
those that do, such as carbon dioxide, are small molecules. Some important inorganic compounds
are water, minerals and vitamins.

» Water is important in metabolism because it is the fluid in which other substances are dissolved.
Some of the cell's chemical reactions occur in water, and in others water molecules actually take
part in the reaction.

» Minerals are important for metabolism because they may be a part of enzymes, may function as
cofactors for enzymes, or may be a part of substances such as adenosine triphosphate (ATP) that
are involved in metabolism.

» Vitamins act as coenzymes for many of the chemical reactions of metabolism.

Questions 3.1

RECALL KNOWLEDGE APPLY KNOWLEDGE
Define 'metabolism. 5 Classify each of the following as either organic
Describe the structure of lipids. or inorganic: water, dipeptide, protein, minerals,
Explain why amino acids bonding to form a polysaccharide, lipids, carbohydrates, nucleic
protein is an example of anabolic metabolism. acids, vitamins, monosaccharide, triglyceride.
4 Describe the role of water in chemical 6 Compare and contrast carbohydrates and proteins.
reactions. 7 Conduct research to identify common foods

that are high in simple sugars, complex
carbohydrates, proteins and lipids.
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ENZYMES AND METABOLISM

There are certain conditions that must be met for a chemical reaction to occur. The reacting particles
need to collide with enough energy to break the bonds; this is the activation energy. The particles
must also collide so that the correct atoms come into contact with one another.
At any given temperature, there is a certain proportion of particles that have enough energy to
satisfy the activation energy. This proportion will increase when the temperature increases.
Chemicals called catalysts are able to decrease the amount of energy needed to break the bonds.
This means that the activation energy will be lower, and more particles will have enough energy to
react, making the reaction happen at a faster rate. Catalysts are particularly effective as they are not
consumed during the reactions. Therefore, each catalyst particle is able to influence many reacting
particles. In living things, catalysts are proteins called enzymes. Enzymes allow chemical reactions
to occur at a fast-enough rate at body temperature for the body to function. Without enzymes, the
reactions would be too slow.

Key concept

Enzymes are biological catalysts that are able to speed up chemical reactions by lowering the activation
energy. They are not consumed or altered in the reaction.

The shape of the protein means that enzymes are specific for a particular reaction. The molecule
on which an enzyme acts is called the substrate. Each enzyme will combine with only one particular
substrate and is therefore involved in only one specific reaction. This occurs because the enzyme
and its substrate have characteristics that are complementary to one another; that is, the enzyme and
the substrate have a shape and a structure that allow them to fit together. The part of the enzyme
molecule that combines with the substrate is called the active site. When the enzyme and substrate
are combined, they are called an enzyme—substrate complex.

Two models are used to describe how enzymes function.

1 The lock-and-key model states that shape of the enzyme (the key) is always complementary

to the shape of the substrate (the lock). Therefore, the two will fit exactly to form the enzyme-—

substrate complex.

Substrates

Active
site is Enzyme-substrate
‘complementary complex formed

to the
shape of the
substrate

Enzyme
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FIGURE 3.9 Enzyme
action: Lock-and-key
model

Lock-and-key model
This website provides
diagrams modelling
enzymes and substrates
fitting like a lock and key.
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FIGURE 3.10 Enzyme
action: Induced-fit
model

Enzymes review
activity
Enzymes
This website provides
more detail on how
enzymes work.

FIGURE 3.11

Graph showing the
relationship between
the concentration of
the enzyme and the
rate of the reaction

FIGURE 3.12
Graph showing
the relationship
between substrate
concentration and
the rate of reaction

FIGURE 3.13
Enzymes have an
optimal temperature
for maximum impact
on the rate of the
reaction

2 The induced-fit model states that when the enzyme and substrate join, they form weak
bonds that cause the shape of the enzyme to change, creating complementary shapes.

Substrates

Active
site
changes
to fit

Enzyme

Enzyme-substrate
complex formed

Factors affecting enzyme activity

Rate of reaction Rate of reaction

Rate of reaction

Enzyme concentration

» = point of saturation

1\

Increasing
concentration does
not affect reaction rate

Substrate concentration

= optimal temperature

1

L 1 1

20

30 40 50
Temperature (°C)

A number of factors influence the activity of enzymes and the
rates of chemical reactions in which they are involved.

The higher the concentration of enzyme, the faster the rate
of a chemical reaction because there are more enzyme
molecules to influence reactants. By regulating the type and
number of enzymes present, the body is able to control which
reactions occur and the rate at which they proceed.

Increasing substrate concentration also increases the rate of
the reaction. This occurs because there will be more substrate
molecules coming into contact with the enzyme molecules.
However, increasing the substrate beyond a certain
concentration will cease to have an effect because the active
sites on all the enzyme molecules will be fully occupied.

The products of the reaction must be continually removed,
otherwise the rate of the reaction will slow because it
becomes more difficult for the substrate molecules to make
contact with the enzyme molecules.

Temperature influences enzyme activity. The rate of most
chemical reactions increases as temperature increases. This

is true of most enzyme reactions but only within a limited
temperature range. Because enzymes are proteins, beyond
about 45-50°C their structure changes; they are denatured.
As the shape of the enzyme is crucial for its functioning,
denatured enzymes are inactive. The temperature at which an
enzyme works best is called the optimum temperature. For
most enzymes in the human body, this is 30°C to 40°C.

Enzymes are very sensitive to the pH of the medium in which
a reaction is taking place. Each enzyme has an optimum pH at
which it will work most effectively.
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¢ Many enzymes require the presence
of certain ions or non-protein

Substrate
molecules before they will catalyse
a reaction. Such substances are L Enzyme
called cofactors. Cofactors change Above 40°C
the shape of the active site so that
the enzyme can combine with the Enzyme
substrate. Without a cofactor the
enzyme molecule is intact, but
cannot function. Some cofactors are non-protein organic = optimal pH
molecules. They are then called coenzymes. Many vitamins o
function as coenzymes. %
e Enzyme inhibitors are substances that slow or even stop the é
enzyme’s activity. Inhibitors may be used by cells to control E
reactions so that products are produced in specific amounts. -
Many drugs are enzyme inhibitors; for example, penicillin . . .
inhibits an enzyme in bacteria that is involved in construction 6 7 8 9 10
of the cell wall. pH

Key concept

The activity of enzymes is dependent on the shape and availability of the active site. Therefore, the effect
of enzymes is influenced by temperature, pH, the concentration of both the substrate and enzyme, the

removal of products, and the presence of cofactors, coenzymes and enzyme inhibitors.

Questions 3.2

RECALL KNOWLEDGE 5 Lipase is an enzyme that catalyses the

1 List the factors that affect the activity of breakdown of lipid molecules. Would lipase

enzymes.

2 Use a diagram to demonstrate the lock-and-
key model of enzyme activity.

3 Explain why an increased temperature can:
a increase the rate of the reaction
b decrease the rate of the reaction.

APPLY KNOWLEDGE

be able to break a protein down into smaller
peptides? Justify your answer.

Tay-Sachs disease is a genetic disorder where
the enzyme hexosaminidase A is not produced.
Without the enzyme, a fatty substance builds
up on neurons, causing a degeneration of the
central nervous system. Use this information

to discuss the importance of enzymes.
4 Explain the difference between a cofactor and

a coenzyme.

CELLULAR RESPIRATION

Cellular respiration is one of the most important metabolic processes in any cell. It is the process
by which organic molecules, taken in as food, are broken down in the cells to release energy for
the cell's activities — activities such as the movement of the cell, uptake of materials from the
surroundings, or production and secretion of new chemical compounds.

The term ‘respiration’ is often used loosely to mean breathing, and so the chemical process of
respiration is referred to as cellular respiration. The process occurs in every cell in the body, to supply
each cell with the energy it needs in the form of ATP and heat.
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FIGURE 3.14 At high
temperatures, the
enzyme is denatured
and the shape of the
enzyme changes

FIGURE 3.15
Enzymes have an
optimal pH for
maximum impact
on the rate of the
reaction

EZ)

Activity 3.1
Investigating the effect
of temperature on
trypsin activity



70 UNIT1 | HUMAN PERSPECTIVES ATAR UNITS1& 2

FIGURE 3.16
Structure of ATP

ATP
Learn more about ATP.

Cellular respiration can release energy from glucose, amino acids, fatty acids and glycerol.
However, the main food material utilised is glucose, and the discussion here will therefore be
confined to the respiration of glucose.

Respiration can be summarised as an equation:

CH,O, + 60, —_— 6CO, + 6H,0  + Energy

Glucose Oxygen Carbon dioxide Water (ATP and heat)

This summary makes respiration look like a simple reaction. However, the breakdown of glucose
to carbon dioxide and water actually involves more than 20 separate reactions, which occur in a
series, one after the other. At each step, an intermediate compound is formed, and each step is
catalysed by a different enzyme. Small amounts of energy are released as the reactions proceed.
In this way, the release of energy is controlled rather than happening all at once.

Key concept

Cellular respiration is a multistep process that releases energy from glucose.

Energy from cellular respiration

In the complete breakdown of glucose to carbon dioxide and water, about 60% of the available
energy is released as heat. Cells cannot utilise heat energy, but it is important in keeping the body
temperature constant. Heat is continually lost to

Adenine the environment, so a continual supply of heat is
ll\le necessary in order to maintain body temperature.
Phosphate chain with /C\ N The remaining energy from cellular respiration
three phosphate groups ’i‘ h: \\CH is used to form a compound called adenosine
o- o- o- HC /C\N/ triphosphate (ATP). ATP is composed of:
“o0— | A | 707|‘,70CH2 N e adenosine, which is made up of the nucleic acid
| | | base adenine and the sugar ribose
e} o) o}
» three phosphate groups.
e}
ATP is formed when an inorganic phosphate
Y Y group is joined to a molecule of adenosine
Ribose diphosphate (ADP). The phosphate groups in ATP

OH OH are joined by high-energy chemical bonds. Some
of the energy from cellular respiration is stored
in the bond between the ADP molecule and the third phosphate group. This bond is more easily
broken than the bond between the first and second phosphate groups, allowing the energy to be
released when needed. ATP can thus be used to transfer the energy released in cellular respiration to
processes in the cell that require energy. The ADP formed when the energy is released can be reused
to store some more of the energy from cellular respiration.

Key concept

Adenosine triphosphate (ATP) can be used to transfer energy between cellular respiration and processes
in the cell requiring energy.
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Adenosine Triphosphate

B—E 8

(

/P\

Adenosine Diphosphate

P— P

Glycolysis T | ! P

H—C—H
The first phase in the breakdown of c|: o >\C—(":—(|Z—H
glucose does not require oxygen. It is T/}L \'l" 2ADP P 2 o |1|
called glycolysis, which means ‘splittin C C
g'y v , P 9 [\, OH H /| O H
glucose’. A glucose molecule is broken OH\ | |/ OH QI
: : c——-cC C—C—C—H
down, in a series of 10 steps, to two I I -o [
: : H OH H
molecules of pyruvate. Sometimes this Glucose Pyruvate

molecule is called pyruvic acid; however,
the two substances differ slightly in their structure.

Anaerobic respiration

If no oxygen is available, the pyruvate produced in glycolysis is then converted to lactic acid by
fermentation. The production of lactic acid from glucose is called anaerobic respiration, which
means respiration without oxygen.

The fermentation stage of anaerobic respiration does not produce any additional ATP; however,
the glycolysis of one molecule of glucose releases enough energy to convert two molecules of
ADP to ATP. Therefore, anaerobic respiration allows cells to produce some energy in the absence of
oxygen.

The enzymes required for anaerobic respiration are available in the cytosol of the cell; therefore,
glycolysis and the conversion of pyruvate to lactic acid occur in the cytosol.

Anaerobic respiration is very important during vigorous physical activity, when the respiratory
and circulatory systems are unable to supply muscle cells with enough oxygen to meet all the energy
demands of the contracting muscles. In such circumstances, anaerobic respiration supplies the
extra energy. This results in the accumulation of lactic acid in the muscles, and lactic acid may cause
muscle pain.
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FIGURE 3.17 ATP
stores energy; the
energy is released
when ATP breaks
down to ADP

FIGURE 3.18
Summary of
glycolysis

Pyruvate and pyruvic
acid
Use this website to
learn more about
the difference
between pyruvate
and pyruvic acid.

Glycolysis
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Lactic acid from anaerobic respiration is taken by the blood to the liver, where it can be
recombined with oxygen to form glucose and eventually glycogen. As this process requires oxygen,
physiologists say that, when cells are respiring anaerobically, the body is incurring an oxygen debt.
After vigorous exercise, one continues to breathe heavily for some time because the oxygen debt
must be ‘repaid’ by converting lactic acid to glucose. The extra oxygen required after exercise may
also be called recovery oxygen.

Key concept

Anaerobic respiration uses glucose to produce lactic acid and two ATP molecules in the absence of
oxygen.

Aerobic respiration

The complete breakdown of glucose to carbon dioxide and water requires oxygen. The pyruvate
produced from glycolysis is completely broken down to carbon dioxide and water. This is known as
aerobic respiration — respiration requiring oxygen.

Aerobic respiration occurs in the mitochondria of the cell. Mitochondria are organelles
constructed with a double membrane — an outer membrane that forms the shape of the organelle,
and an inner membrane, called cristae, that is folded inwards. The enzymes for the reactions of
aerobic respiration are attached to the internal membrane, so folding produces a large surface area
on which the reactions of aerobic respiration can take place.

FIGURE 3.19 !
Transmission 3 ;
electron micrograph Ty, . & o Outer membrane %

S SO 1 a2 1| \
of a mitochondrion o e i e B S ' l ¥

-

L, C\'S *
Inner membrane » &%
" g‘é.‘x D ,’- g

Science Photo Library/CNRI

To complete the breakdown of glucose, the two pyruvate molecules produced in glycolysis
must enter a mitochondrion, where enzymes are available to allow the next series of reactions to
occur.
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1 For the pyruvate to enter the next pathway it is first converted to acetyl coenzyme A (acetyl CoA).
To do this, a carbon dioxide molecule is removed from the pyruvate and the remaining
two-carbon structure joins to coenzyme A. No ATP is produced during this process.

Cytosol Mitochondrion

S-CoA

2

T
CcC=0 CH4
CH3 Acetyl CoA

Pyruvate . Coenzyme A

Transport protein

2 The acetyl CoA then enters the citric acid cycle, also known as the Krebs cycle. Here the carbon
atoms in the acetyl CoA are released in carbon dioxide. For every acetyl CoA that enters the
citric acid cycle, one molecule of ATP is also produced. This means that two ATP molecules are
produced per glucose molecule.

3 The final stage of cellular respiration is the electron transport system; the only stage that uses
oxygen. This stage is also called oxidative phosphorylation. Here electrons are passed between
molecules, finally resulting in oxygen molecules forming water. There is some debate regarding
the exact number of ATP molecules that are produced during this process. Estimates range
between 26 and 34 molecules.

Thus, aerobic respiration of one molecule of glucose has the potential to generate up to 38
molecules of ATP — two from glycolysis, two from the citric acid cycle and up to 34 from the electron
transport mechanism. This can be represented as:

C.H_O

6 12

38 ADP + 38P 38 ATP

.+ 60, > 6CO,+6H,0

The processes of anaerobic and aerobic respiration are summarised in Figure 3.21.

Key concept

Aerobic respiration uses oxygen to convert glucose into carbon dioxide and water, producing up to 38
molecules of ATP per glucose molecule.

Ayield of 38 ATP molecules from the energy contained in one molecule of glucose is the
theoretical maximum. The actual ATP yield is often lower than this.

Because the reactions of aerobic respiration take place in the mitochondria, and because aerobic
respiration releases about 95% of the energy needed to keep a cell alive, the mitochondria are often
known as the powerhouses of the cell.
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FIGURE 3.20
Pyruvate is converted
to acetyl CoA

Cellular respiration

Cellular respiration
information
Cellular respiration test
Test yourself on your
knowledge of cellular
respiration.

Activity 3.2
Investigating aerobic
and anaerobic
respiration during
exercise
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Cellular respiration
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FIGURE 3.21 Summary of the processes of cellular respiration in a cell

Questions 3.3

RECALL KNOWLEDGE APPLY KNOWLEDGE
1 Define ‘cellular respiration’ 5 Explain how ATP is able to store energy.
2 What does ‘ATP' stand for? 6 Describe the importance of the electron
3 Describe aerobic respiration. transfer system.
4 Draw a flow chart to summarise the processes 7 Construct a table to summarise the inputs and

that occur during aerobic respiration.

outputs for the stages of aerobic respiration,
including glycolysis.

ENERGY USE BY THE CELL

Cells need the energy that is temporarily stored in the ATP molecule for a variety of processes. These

are summarised in Figure 3.22.

Each of the chemical reactions involved in cellular processes produces a certain amount of heat.
In cellular respiration, only about 40% of the energy released is incorporated into ATP; the other 60%
is lost as heat. Therefore, energy must be continually consumed in the form of food to replace what is

lost as heat and utilised for other purposes.
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glucose (from food) < in ATP

Heat energy

CHAPTER 3 | Cells undergo chemical reactions

Building complex molecules ———>
Cell division and growth ————>

Movement of cell organelles ———

Heat

Movement of whole cell ———————> - energy

Maintaining cell organisation ——>

' Active transport ————————

Transmission of nerve impulses —

The reactions of cellular respiration are catabolic; that is, they release energy as larger molecules
are broken down into smaller ones. ATP may be used to transfer energy produced in catabolic
reactions to anabolic reactions that require energy. For example, when lactic acid is recombined
with oxygen in the liver to form glucose, or when glucose molecules are joined to form glycogen,
the energy required comes from the breakdown of ATP to ADP. Similarly, energy for the build-up of
proteins, lipids and other molecules is transferred from cellular respiration by ATP. Figure 3.23 models
how ATP is able to transfer energy from one reaction to another.

Glucose =

Respiration:
a catabolic reaction — energy
is released

€O, + H,0

Key concept

ADP + P

&"‘*39 ATP—

< A
7 Protein

Protein synthesis:
an anabolic reaction — energy
is required

Amino acids

ATP is able to transfer energy from cellular respiration to other chemical reactions.

Questions 3.4
RECALL KNOWLEDGE

1 Define ‘catabolic reaction’ and ‘anabolic
reaction.
List five ways that cells use energy.
Explain why energy is released when ATP
forms ADP.

9780170449090

APPLY KNOWLEDGE
4 Approximately 60% of the energy produced

during cellular respiration is released as heat.
Discuss whether this energy is ‘waste’.

5 Explain why cells that require a large amount
of energy contain a lot of mitochondria.
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FIGURE 3.22 Uses of
energy in the cell

FIGURE 3.23 ATP
transfers energy from
reactions that release
energy to reactions
that require energy
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CHAPTER [EJ ACTIVITIES

SOUTHERN a Developed exclusively by Southern Biological

Biological

acTivity3.1 Investigating the effect of temperature on

trypsin activity

Casein is a protein commonly found in mammalian milk. Casein is digested by trypsin, an
enzyme which hydrolyses proteins into peptides, ready for other enzymes to cut them further
down to their amino acids for use in the body. Trypsin works in the small intestine, after acid
and pepsin in the stomach have commenced the work of breaking down the proteins. Casein is
relatively hydrophobic, making it poorly soluble in water; however, when trypsin is added to a
dilute solution of milk powder, the casein is digested and the solution goes clear.

Aim
To determine the optimal temperature for trypsin activity.
Time requirement: 45 minutes

You will need

1% trypsin solution; 3% solution of skim milk powder; pH 7 buffer solution; water bath; six test
tubes; bungs or cork for test tubes; test-tube rack; clock or timer; marker; plastic pipettes;
thermometer; disposable gloves

Risks

' WHAT ARE THE RISKS IN
THIS INVESTIGATION?

Trypsin can cause allergic Be aware of any allergies.

HOW CAN YOU MANAGE THESE RISKS TO STAY SAFE?

reactions in sensitive

people

Trypsin can be irritating Wear appropriate personal protective equipment at all times, including eye

to the skin and eyes on protection and gloves. Wash skin immediately if contact does occur.

contact

Disposable gloves may Use a type of glove that removes allergy risk and is suitable for the chemicals

pose allergy risk being used.

Working with high To prevent scalding, take care when working with water baths with water

temperatures temperatures higher than 50°C. Do not touch the outside of the glass beaker.
What to do

Set the water bath to 20°C.

Collect and mark three test tubes with an X' on the glass halfway down the tube.

Using a pipette, add 10 mL of the milk powder solution to each of the three test tubes.

Collect another three test tubes, add 3 mL pH 7 buffer solution and then add 3 mL of trypsin

solution.

5 Place all six test tubes in the 20°C water bath for 10 minutes. Ensure the six tubes are
standing up.

6 Pour the trypsin and buffer solution from one test tube into the milk powder solution in
another test tube.

7 To mix thoroughly, place a cork in the test tube and invert approximately five times.

A W N R
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8 DPlace the test tube in a test-tube rack and immediately begin a timer.
9 Record the time it takes for the milk solution to become clear in the table below as Test 1" This
may be achieved by measuring the time it takes for the X' to be visible through the solution.

@«

X#—————— X becoming
visible

L/

10 Repeat this process (steps 6-9) for the remaining two test tubes and record the time for
each of the three experiments in Table 1.

11 Calculate the average reaction time and record the result in Table 1.

12 Your teacher will now assign you one of four temperatures to test: 30°C, 40°C, 50°C or
60°C. As a class, you will test all four temperatures, pool your data and compare your
results. Set the water bath to your assigned temperature. Once your water bath has
reached the desired temperature, repeat the procedure (steps 2—10) to test how the
reaction time is affected by different temperatures.

13 Record your data in Table 2, calculate the average time and share your results with the
class.

14 Record the class average temperatures in Table 3. If one of the temperature variables was
tested more than once, as in the 20°C control test, find the average among them.

15 Process your data and draw a graph using this data.

Studying your results
Copy and complete the following tables.

TABLE 1 20°C control test

Test 1
Test 2
Test 3
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TABLE 2 Assigned temperature (Note your assigned temperature)

Test 1
Test 2
Test 3

TABLE 3 Class data

20
30
40
50
60

Create a graph of your results.

Discussion

What is your independent variable?

What is the range of your independent variable?

What is your dependent variable?

What are your control variables and how did you control them?

Why are all the test tubes left in the water baths for 10 minutes before the trypsin and milk
are added together?

What are the advantages of taking an average of test samples as opposed to just one?

Why did the milk become clearer in this investigation?

You used a buffer solution in this investigation. What are buffer solutions used for?

What is the optimal temperature for trypsin activity?

a b W N W

0 00y o

Conclusion

Summarise your findings and discuss how the results are reflective of human body conditions.

Taking it further

Change the variables of this investigation and test whether enzyme substrate concentration
will cease to have an effect once the active sites of the enzyme are fully utilised.

acTiviTy3.2 Investigating aerobic and anaerobic respiration
during exercise

During exercise, part of the energy required by the muscles comes from anaerobic respiration
and part comes from aerobic respiration. The proportion of energy from each of the types of
respiration depends on the nature of the exercise.

The graph and table below show the relationship between the duration of maximum effort
and the proportion of energy derived from each of the two types of respiration. Use them to
answer the following questions.
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100 ~
' Aerobic respiration
-
I
80 H
S ~ Duration of maximum effort
S H
< I Seconds Minutes
> 601 103060 2 4 10 30 60 120
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1 The world record for the 100 m sprint is less than 10 seconds. In a 100 m race, what
proportion of a sprinter’s energy would come from anaerobic respiration?

2 Ina marathon race, what proportion of a runner’s energy would come from anaerobic
respiration?

3 At what duration of maximum effort would half an athlete's energy come from aerobic and
half from anaerobic respiration? Can you suggest some sports in which maximum effort
would come in bursts of that duration?

4 Name some sports or activities in which most of the energy would come from anaerobic
respiration.

5 Name some sports or activities in which most of the energy would come from aerobic
respiration.

6 Some observers noted that a sprinter who had just run 400 m in 50 seconds was breathing

much more heavily than a runner who had just completed a marathon in 2.5 hours. Suggest
why this would be so.
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CHAPTER '3 SUMMARY

Metabolism involves all the chemical
reactions that take place in a cell. These
may break large molecules down into
smaller ones (catabolic metabolism) or
use small molecules to make larger ones
(anabolic metabolism).

Nutrients from our food are used in

metabolism.

Carbohydrates, lipids, proteins and nucleic

acids are all organic compounds, molecules

based on a chain of carbon atoms.

Minerals, water and vitamins are

inorganic nutrients.

Carbohydrates, the main source of energy

for the cell, contain various numbers of

simple sugars joined together.

Lipids include fats, oils, phospholipids

and steroids. They are composed of

glycerol and fatty acids joined together.

The most common lipid is triglyceride,

which includes three fatty acids.

Proteins are composed of amino acids

joined by peptide bonds to form a

chain. These chains are folded to form a

particular shape.

Nucleic acids are made up of chains of

nucleotides. RNA has a single chain with

the ribose sugar, whereas DNA has a

double chain with the deoxyribose sugar.

Enzymes increase the rate of chemical

reactions by lowering the activation

energy, which means that more particles
have sufficient energy to react.

Enzymes are specific for a particular

substrate due to the shape of the active

site. When they join, they form an
enzyme—substrate complex.

There are two models used to explain

how enzymes work.

— The lock-and-key model states that
the active site and substrate have
complementary shapes that allow
them to fit together.

— The induced-fit model states that
when the substrate joins to the
enzyme the enzyme changes shape so
that the substrate fits.

There are a number of factors

that affect enzyme activity: the
concentration of the enzyme, the
concentration of the substrate, the
removal of the product, temperature,
pH, and the presence of cofactors, or
enzyme inhibitors.

Cellular respiration involves organic
molecules being broken down to release
energy.

Glucose being broken down in cellular
respiration is represented by:

Glucose + Oxygen > Carbon dioxide
+ Water + Energy
C,H,,0, + 602 > 6CO,
+ 6HZO + 38 ATP

Adenosine triphosphate (ATP) is able
to store energy in the bond between
adenosine diphosphate (ADP) and the
third phosphate group. This energy can
then be released when needed.
Glycolysis is the first stage of cellular
respiration, where glucose forms two
pyruvate molecules and two ATP
molecules. This stage does not require
oxygen.

In the absence of oxygen, the pyruvate
is converted to lactic acid. As no
oxygen was needed, this is anaerobic
respiration.

In the presence of oxygen, the pyruvate
undergoes aerobic respiration. This
involves the pyruvate forming acetyl
CoA before entering the citric acid cycle
and then the electron transfer system.
Up to 36 ATP molecules are produced
during this process.

Only 40% of the energy produced
during cellular respiration is stored in
ATP. The remaining 60% is released as
heat.

ATP produced during cellular respiration
can be used in other cellular processes,
including movement, active transport,
nerve impulses, cell division and
growth.
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CHAPTER [EJ GLOSSARY

Activation energy The energy needed to
break the bonds of the reacting particles in a
chemical reaction; the energy needed to start
a chemical reaction

Active site  The part of an enzyme molecule
that combines with the substrate

Adenosine diphosphoate (ADP) The
substance formed when the end phosphate
group is removed from a molecule of
adenosine triphosphate (ATP)

Adenosine triphosphate (ATP) A molecule
that stores energy in cells; the energy

is stored in the bond between the end
phosphate group and the rest of the molecule

Aerobic respiration Respiration requiring
oxygen

Amino acids Small molecules that join
together to make proteins

Anabolism The process of combining small
molecules to make larger ones; it requires
energy; also known as synthesis

Anaerobic respiration Respiration that does
not require oxygen

Carbohydrate Organic molecules that are
the main source of energy for cells

Catabolism Chemical reactions that break
down large organic molecules into smaller
ones, with the release of energy

Catalyst A substance that lowers the
activation energy of a reaction, increasing
the rate of the reaction without being
consumed

Cellular respiration The chemical reactions
that make energy available for the cell

Citric acid cycle The series of reactions that
occur in the mitochondria during aerobic
respiration where acetyl CoA enters and
carbon dioxide is released; also called the
Krebs cycle

Coenzyme Non-protein organic molecules
that are essential for the functioning of an
enzyme

9780170449090

Cofactor The ions or inorganic molecules
required by enzymes to catalyse a reaction

Cytosol The liquid part of the cytoplasm of
a cell

Denature To change the molecular structure
of a protein by heating, a change in pH,
adding detergents or shaking

Dipeptide Two amino acids bonded
together by a peptide bond

Disaccharide Two simple sugar molecules
bonded together

Electron transport system A series of chemical
reactions occurring in the mitochondria of a
cell whereby energy from carrier molecules is
transferred to ATP for storage

Enzyme An organic substance (usually a
protein) that increases the speed of chemical
changes without being altered or destroyed
in the change; an organic catalyst

Enzyme inhibitor A substance that slows or
stops an enzyme’s activity

Enzyme—substrate complex The structure
formed when an enzyme and a substrate
combine

Glycolysis The breakdown of a glucose
molecule to pyruvic acid; it releases
energy to form two molecules of adenosine
triphosphate (ATP)

Inorganic compound Not containing
carbon (e.g. water, oxygen) or having small
molecules (e.g. carbon dioxide)

Krebs cycle see citric acid cycle

Lipid Large organic molecules made up of
fatty acids and glycerol

Metabolism All the chemical reactions
occurring in a living organism
Monosaccharide A simple sugar molecule
such as glucose or fructose

Nucleic acid Molecules containing
many nucleotides forming a chain;
includes ribonucleic acid (RNA) and
deoxyribonucleic acid (DNA)
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Nutrient Any substance in food that
provides energy, is essential for growth, or
assists in the functioning of the body

Organic compounds Substances that have
large molecules and contain carbon, such as
carbohydrates, amino acids, proteins, lipids
and nucleic acids

Oxidative phosphorylation see electron
transport system

Oxygen debt Extra oxygen required, in
addition to the normal resting requirement,
to remove the lactic acid produced during
exercise

Peptide bond A bond formed between an
amino group of one amino acid and the
carboxyl group of another amino acid
Polypeptide Ten or more amino acids
bonded together

Polysaccharide Many simple sugar
molecules bonded together

Protein Very large organic molecule made
up of amino acids

Recovery oxygen The extra oxygen needed
to ‘recover’ after exercise

Substrate A molecule upon which an
enzyme acts

Triglyceride The most common form of
lipid, made up of glycerol and three fatty
acids
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CHAPTER [EJ REVIEW QUESTIONS

Recall
1 Write the full names for ATP and 3 What compounds are synthesised from:
ADP. a glucose?
2 Describe the difference b amino acids?
between breathing and cellular ¢ fatty acids and glycerol?
respiration. 4 State the function of enzymes in the body.
Explain
5 Compare and contrast metabolism, b reactions involved
catabolism and anabolism. ¢ location of the chemical reactions
6 a Write a chemical equation that within the cell.
summarises cellular respiration. 8 Explain what is meant by ‘oxygen debt’
b Is the summary an accurate picture of or ‘recovery oxygen'. How is an oxygen
what happens in cellular respiration? debt ‘repaid’?
Justify your answer. 9 Explain why enzymes are substrate
7 Explain the difference between aerobic specific.
and anaerobic respiration in terms 10 Explain why increasing the substrate
of the: concentration has no impact on the rate
a quantity of energy released of the reaction beyond a certain point.
Apply
11 ‘Cellular respiration is vital for cellular a protein synthesis
functioning.” Explain this statement. b anaerobic respiration
12 Use a diagram to summarise the ¢ formation of glycogen
relationship between ATP and ADP. d aerobic respiration
13 The law of conservation of energy states e formation of glucose from lactic acid.
15 The figure below is a model showing

14

that energy can be neither created nor
destroyed. If this is so, why do we need
to continually take energy into the body
in the form of food?

For each of the following processes,
state whether the chemical reactions are
anabolic or catabolic reactions:

a

L 4

how an enzyme is involved in a
chemical reaction. Which letter
corresponds to the enzyme, substrate,
active site, enzyme—substrate complex
and product?

v

s\, A0 2,
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Extend

16 ACE inhibitors are medications that slow | 17 Adolf Hitler and a number of high-

the activity of angiotensin-converting
enzyme (ACE). Angiotensin is an enzyme
that causes blood vessels to constrict.

A person prescribed an ACE inhibitor
would produce less angiotensin than
usual. Suggest what medical condition/s
ACE inhibitors could be used to control.
Explain the reason for your suggestions.

ranking Nazi leaders committed suicide
by taking cyanide. The cyanide ion
travels to the mitochondria where it acts
as an enzyme inhibitor for cytochrome C
oxidase, an enzyme involved in the
electron transport system. Explain why
cyanide poisoning is fatal.
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RES PI RATO RY SCIENCE INQUIRY SKILLS

» identify, research and construct questions for investigation;
SYST E M propose hypotheses; and predict possible outcomes
design investigations, including the procedure(s) to be
followed, the materials required, and the type and amount of

A LLOWS GAS primary and/or secondary data to be collected; conduct risk
assessments; and consider research ethics, including animal

ethics
EXC HAN G E conduct investigations, including monitoring body functions;

use microscopy techniques; and perform real or virtual
dissection, safely, competently and methodically for the
collection of valid and reliable data

represent data in meaningful and useful ways; organise and
analyse data to identify trends, patterns and relationships;
qualitatively describe sources of measurement error, and
uncertainty and limitations in data; and select, synthesise
and use evidence to make and justify conclusions

SCIENCE AS A HUMAN ENDEAVOUR

» lifestyle choices, including being active or sedentary, the use
of drugs and type of diet, can compromise body functioning
in the short term and may have long-term consequences

SCIENCE UNDERSTANDING

Respiratory system

» the exchange of gases between the internal and external
environments of the body is facilitated by the structure and
function of the respiratory system at the cell, tissue and
organ levels
the efficient exchange of gases in the lungs is maintained by
the actions of breathing, blood flow and the structure of the
alveoli

Source: School Curriculum and Standards Authority,
Government of Western Australia
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Respiratory system
Explore the respiratory
system at this website.

FIGURE 4.1 Anatomy
of the nose, nasal
cavity, pharynx and
larynx

Shutterstock.com/Teguh Mujiono

All cells in the body need oxygen for cellular respiration as well as a way to remove the carbon dioxide
that they produce. In the lungs, oxygen is taken from air into the blood, and the blood transports

the oxygen to the cells in all tissues of the body. In the tissues, the blood picks up carbon dioxide

and takes it to the lungs where it is passed into the air. The circulatory and respiratory systems

work together to ensure that all cells have a constant supply of oxygen and that carbon dioxide is
continually removed from the cells. In this way, the amounts of oxygen and carbon dioxide in the

tissues are kept relatively constant.

STRUCTURE OF THE RESPIRATORY SYSTEM

The organs of the respiratory system include the nose, through which air is taken in; the trachea, or
‘windpipe’, which branches into two tubes; the bronchi; and the two lungs.

Nose, pharynx and larynx

Air enters the body through the mouth and nose. The lining of the nose and nasal cavity is convoluted
and lined by mucous membranes. As the air passes over the membranes, it is warmed and humidified.
There are also hairs and mucus lining the nose. These trap debris, preventing it from reaching the lungs.

Nasal cavity

Nose

Pharynx

Epiglottis

Oesophagus

The pharynx, or throat, is
the region from the nasal cavity
to the top of the trachea and
oesophagus. Air travels through
it before being diverted into
the trachea by the epiglottis, a
flap of elastic cartilage. During
inhalation the epiglottis covers
the oesophagus, guiding the
air into the trachea; when
swallowing, the epiglottis
covers the larynx, preventing
food from entering it.

The larynx is a cartilage
structure joining the pharynx

and trachea. The larynx contains the vocal cords, which are mucous membranes that are able to
vibrate as air passes over them. This is why the larynx is also known as the voice box.

Trachea

The trachea is also known as the windpipe because it carries the air into and out of the lungs. It is
made up of C-shaped cartilage rings that hold the structure open. This ensures that air can always
pass through it. At its base, the trachea splits into two branches, one branch taking air into each lung.

The epithelial lining of the trachea produces mucus, which is able to trap dust and debris. This prevents
it from entering the lungs. Instead, the cilia that also line the trachea are able to move in a wave-like motion
to take the mucus and debris up to the pharynx so that it can be swallowed and digested.

Bronchi

At the end of the trachea, the structure splits into two primary bronchi, one for each lung. These
then split further into secondary bronchi which take the air into each lobe of the lung. The secondary

bronchi continue to divide, forming tertiary bronchi.
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The structure of the bronchi is very
similar to the trachea, with C-shaped
cartilage rings. As the bronchi get smaller, Emix
the cartilage is more spread out, with
smooth muscle and elastin forming more

Secondar){
of the structure. As in the trachea, cilia and bronchi
mucus work together to trap and remove
dust and other particles from the airways. Tertiary

bronchi
Bronchioles

Bronchioles
When the tertiary bronchi divide, they form

smaller airways called bronchioles, which

continue to split until they end in millions

of terminal bronchioles. Unlike bronchi,

bronchioles do not contain cartilage;

instead, they are made of smooth muscle

and elastin. This allows the bronchioles to control the flow of air in the lungs, expanding when the body
needs more oxygen. Cilia and mucus are also present in the bronchioles, protecting the lungs from
contaminants.

Lungs

The two lungs take up the whole of the chest cavity, except for the space between them, called the
mediastinum, that is occupied by the heart and blood vessels. Each lung is divided into lobes. The left
lung has two lobes; the right lung has three. A membrane, called the pleura, covers the surface of the
lungs (the visceral pleura) and also lines the inside of the chest (the parietal pleura). Between these
two layers of membrane is a thin layer of pleural fluid, which holds the lungs against the inside of the
chest wall and allows them to slide along the wall when breathing.

Inside the lungs the smallest bronchioles open into clusters of tiny air sacs called alveoli. Each
alveolus has a wall that is only one cell thick and is surrounded by a network of blood capillaries.
This is where gases move between the blood in the capillaries and the air in the alveoli. Therefore,
the alveoli are the functional units of the lungs. This makes it possible for the alveoli to be the
surface for gaseous exchange, allowing a net flow of oxygen to pass from the airways into the
blood and carbon dioxide to pass from the blood into the airways.

Bronchiole

Capillary
network
around

alveolus

Terminal
bronchiole

Respiratory
bronchiole
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FIGURE 4.2 Trachea,
bronchi and
bronchioles

FIGURE 4.3 Structure
of the alveoli
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Larynx — the organ of voice. Air passes
through the larynx, going to and from
the lungs. Contains the vocal cords,
which can vibrate to make sound.

Pharynx, or throat — air from
nasal cavity passes through here.

Trachea, or windpipe — carries air to
and from the lungs. Is lined with a
mucous membrane and cells with
cilia. The cilia beat to move mucus
and trapped particles upwards.

Ribs - form the framework for the
chest.

Intercostal muscles — muscles
between the ribs. They move the rib
cage upwards and outwards to
increase the volume of the chest cavity
and thus the lungs when breathing in.

Lungs — occupy all the chest cavity,
except the space taken up by the
heart. They are covered by a pleural
membrane that also lines the inside
of the chest. Pleural fluid between
the two layers holds the lungs
against the inside of the chest.

Diaphragm — a muscle that
separates the chest from the
abdomen. It contracts and flattens
downwards, thereby increasing the
volume of the chest cavity, and lungs,
during breathing in.

Alveoli — tiny air sacs that make up
most of the lung. They occur in
clusters and have very thin walls that
are well supplied with blood
capillaries for the exchange of
oxygen and carbon dioxide.

FIGURE 4.4 Overview of the respiratory system

i

Key concept

Nasal cavity — contains projections
that increase the internal surface area.
Filters, warms and moistens air before
it enters the lungs. Contains smell
receptors. Acts as a resonating
chamber for speech sounds. Hairs and
mucus trap dust.

Epiglottis — a flap of tissue that,
during swallowing, closes off the
trachea so food and liquid cannot
enter the lungs.

Bronchi — two primary bronchi
branch from the trachea; they then
divide into secondary and tertiary
bronchi.

Bronchioles - very fine tubes with
walls of smooth muscle. The finest of
them end in groups of air sacs, the
alveoli.

Activity 4.1
Examining the structure The structure of the respiratory system allows the efficient flow of air into and out of the lungs so that gas
of the lungs .
exchange can occur between the air and the blood.
4.1 The respiratory
system
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Questions 4.1

RECALL KNOWLEDGE APPLY KNOWLEDGE
1 List the structures that air will travel down, 5 Explain the importance of the convolutions of
starting from outside of the body. the mucus membranes in the nasal cavity.
Describe the structure of the trachea. 6 Explain how the airways in the respiratory
Describe the function of the pleural fluid. system are similar to the branches on a tree.
4 Describe the difference between a primary 7 Compare and contrast the structure of the
bronchus and a tertiary bronchus. trachea, bronchi and bronchioles.

MECHANICS OF BREATHING

For the efficient exchange of gases between the blood and the air in the alveoli, the air in the lungs
must continually change. The process by which air is moved into and out of the lungs is called
ventilation, or breathing. Air flows from places of higher pressure to places of lower pressure;
therefore, air flows into and out of the lungs due to differences in air pressure.

Inspiration

The process of taking air into the lungs is called inspiration, or inhalation. For air to flow into the
lungs, the pressure of air in the lungs must be less than the atmospheric pressure outside the

body. Decreasing the pressure of air in the lungs is achieved by increasing the volume of the lungs.
To increase the volume of the lungs, the diaphragm and external intercostal muscles contract.

The diaphragm becomes flatter and the rib cage moves upwards and outwards, increasing the volume
of the chest cavity. As the pleura adheres to the internal wall of the chest cavity, the lungs expand
with the expanding chest cavity. Increased lung volume means that the air pressure inside the lungs is
slightly lower than the pressure outside. Air flows in through the nose and trachea until the pressure
becomes equal (Figure 4.5a). During normal, quiet breathing, the diaphragm is mainly responsible

for the changes in chest volume. Movements of the rib cage become more important during

heavier breathing.

Expiration
Breathing out is called expiration, or exhalation. It occurs in the opposite way to inspiration. The
diaphragm and external intercostal muscles relax, so the diaphragm bulges more into the chest cavity
and the rib cage moves downwards. This reduces the volume of the chest cavity and that of the lungs.
Air pressure in the lungs is now greater than pressure outside the body. Air flows out through the
trachea and nose until the pressures are equal (Figure 4.5b).

When a person is breathing quietly at rest, expiration is a passive process, involving relaxation
of the muscles that have contracted during inspiration. Heavier breathing involves more forceful
expiration, and the intercostal muscles contract to actively lower the rib cage. The same sort of
contraction occurs when forcibly exhaling, as when blowing up a balloon.

Key concept

The diaphragm and intercostal muscles work together to change the volume — and therefore pressure —

of the lungs, resulting in airflow into or out of the lungs.
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Modelling breathing

Breathing animation
Watch an animation of
breathing.

EZ)

Activity 4.2
Investigating breathing
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FIGURE 4.5 © 3 Air flows from higher Trachea
a Sequence of events pressure to lower
that occur during pressure in lungs

1 Intercostal muscles
contract, extending rib

cage upwards and
that occur during outwards

inspiration;
b Sequence of events

Pleural membranes

|

Pleural fluid

expiration

2 Lung volume increases
1 Diaphragm contracts,

extending chest cavity

downwards

3 Air flows from higher
pressure in lungs to

lower pressure outside
1 Rib cage moves down

and inwards

2 Lung volume decreases

1 Diaphragm relaxes,
pushing up into
chest cavity

Questions 4.2
RECALL KNOWLEDGE
Describe what happens to the pressure of air in the lungs during inspiration.
2 Complete the following sentence: Air flows from areas of pressure to areas
of  pressure.

3 Use a flow chart to list the steps that occur during inspiration.

APPLY KNOWLEDGE

4 Lou Gehrig's disease, also called motor neurone disease, can cause paralysis of the diaphragm.

Predict the effects of this on the body, justifying your answer.
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GAS EXCHANGE

Structure of the lungs and gas exchange

The lungs are well suited to their gas exchange function, for the following reasons:

¢ The alveoli give the lungs a huge internal surface area, so that large amounts of gases can
be exchanged in a relatively short time. Estimates of the number of alveoli in the lungs vary
considerably, but there are hundreds of millions of them; they probably have a total surface area
of 50-80 m? — about one-third the area of a tennis court.

e Each alveolus is well supplied with blood vessels, so that as much blood as possible is close to the
air in the alveolus. The continuous flow of blood helps to maintain a difference in concentrations
of oxygen and carbon dioxide between the blood and the air in the lungs.

¢ The membrane that forms the wall of
the alveolus is very thin, so that gas
molecules do not have far to travel
when moving into or out of the blood. ~%

The wall has only one layer of cells . 4

and is only 1 micrometre (1 ym, or

1/1000 of a millimetre) thick.

The lungs are positioned deep
inside the body to prevent excessive
evaporation of the fluid that covers the
respiratory surfaces. It is important that
the membrane of the alveolus be covered P
by a thin layer of moisture because gases : 3
can diffuse into and out of the blood only -
when they are dissolved in fluid. .4 X "

The lung volume can be changed by 5 2 - g »
movements of the respiratory muscles, so ey : k
that air is made to flow into and out of the * - e
lungs. Constant changing of the air in the
alveoli helps to ensure that there is always a .
concentration gradient of oxygen and carbon - —in ; ™, .
dioxide between the air and the blood. . :

Key concept

The structure of the lungs allows efficient gas exchange between the air and blood.

The process of gas exchange

The blood in the capillaries surrounding the alveoli is brought to the lungs by the pulmonary arteries.
This blood has been through the capillaries of the body, where much of the oxygen has been taken
up by the body cells. Therefore, the blood that comes into the capillaries around the alveoli has a low
concentration of oxygen — lower than the concentration in the air in the alveolus. Oxygen dissolves
in the moisture on the inside of the alveolus and diffuses through the membrane, the walls of the
capillaries and into the blood.

The blood arriving at the capillaries of the alveoli has come from the body circulation where it has
picked up carbon dioxide produced by respiration in the cells. The concentration of carbon dioxide
in the alveolar capillaries is higher than the concentration in the air in the alveolus. Therefore, carbon
dioxide diffuses out of the blood and into the air in the alveolus.

9780170449090
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FIGURE 4.6
Photomicrograph
of a section of lung
tissue. The areas
indicated by arrows
are the air spaces
inside the alveoli
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In summary, expired air contains less oxygen and more carbon dioxide than inspired air.

TABLE 4.1 Oxygen and carbon dioxide concentrations in inspired and expired air

Gas exchange
This website includes INSPIRED AIR (%) EXPIRED AIR (%)
an animation of gas
exchange. Oxygen 20.95 15.80

Carbon dioxide 0.04 4.30

Note: The other 79% of the inspired air is made up mainly of nitrogen, with varying amounts of water vapour.

The artery to the lungs brings

deoxygenated blood to the
Carbon dioxide diffuses from the capillaries.

higher concentration in the blood
to the lower concentration
in the air in the alveolus.

The wall of the alveolus is just one
cell thick; the wall of the capillaryis ~ $Og 7 == = "=+
one cell thick; the inside of the y
alveolus is lined with a film of

moisture. These characteristics make
it easy for the gases to diffuse to and
from the body.

Air flows into and out of the alveoli
’ as we breathe.

Oxygen diffuses from the higher
concentration in the air in the

alveolus to the lower concentration \
in the blood. Oxygenated blood leaves the

capillaries of the alveoli and is taken
to the heart in the veins from the
lungs.

FIGURE 4.7 Gas exchange between alveolar air and blood

For diffusion of gases into and out of the blood, there must be a concentration gradient — that
is, a difference in gas concentration between the air in the alveoli and the blood in the capillaries. The
concentration gradient for oxygen and carbon dioxide is maintained by:

» the constant flow of blood through the capillaries. As the blood flowing through the capillaries
around each alveolus picks up oxygen and loses carbon dioxide, it is replaced by more blood
being pumped into the capillaries. This ‘'new’ blood is low in oxygen and high in carbon dioxide,
so the concentration gradient is maintained

* the movement of air into and out of the alveoli as we breathe in and out. The air that has picked
up carbon dioxide from, and lost oxygen to, the blood is replaced by ‘'new’ air with each breath.
The ‘new’ air is low in carbon dioxide and high in oxygen.
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Key concept

There is a net diffusion of oxygen into the blood and carbon dioxide out of the blood due to the

concentration gradients between the air and blood.

Questions 4.3

RECALL KNOWLEDGE 5 Explain how the pleural fluid plays an

1 How thick is the wall of the alveolus? important role in gas exchange.

2 Describe the movement of oxygen between the
air and the blood.
3 Explain why the concentration of carbon

APPLY KNOWLEDGE

6 People with cystic fibrosis produce an
dioxide in the blood in th e excessive amount of thick mucus, primarily in
loxide In the blood In the capiliaries the lungs and digestive system. Explain how

ding the alveoli is higher than in th . .
SUITOURAINg the aiveol 15 tighet than i the this would affect the respiratory system, and

air within the alveoli. . o
predict the symptoms exhibited.
4 Explain why it is important that there is a
constant flow of blood through the capillaries

surrounding the alveoli.

SOME EFFECTS OF LIFESTYLE AND
ENVIRONMENT ON GAS EXCHANGE

How we live, and the environments in which we work and spend
our leisure time, profoundly affect the efficiency of the respiratory
surfaces.

Emphysema

Emphysema is a disease usually caused by long-term exposure to
irritating particles in the air taken into the lungs. While no one can
avoid inhaling particles, as there are always particles of matter in the
air, some people are exposed to excessively high levels. Smokers
constantly inhale irritants in tobacco smoke. People who work in
situations where a lot of dust is produced are also at risk. There is
also a greater risk of emphysema in cities with continually high air (b
pollution.

The irritating particles cause damage to the alveoli. They lose
their elasticity, are often replaced with fibrous tissue, and may break
down, reducing the internal surface area of the lung (Figures 4.8
and 4.9). Because of the loss of elasticity of the lung tissue, the
lungs are constantly inflated, and breathing out no longer occurs
passively but requires voluntary effort. Thus, the emphysema sufferer
has two problems — inadequate surface area for gas exchange, and
difficulty in ventilating the lungs. Emphysema cannot be cured, and
once lung damage begins, the progression of the disease cannot
be stopped.

Joined
alveoli
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FIGURE 4.8

a Photomicrograph
of a section of lung
tissue showing
normal alveoli;

b Photomicrograph
of a section of lung
tissue from a patient
with emphysema
showing how
alveolar walls have
broken down,
forming larger, fewer
alveoli with reduced
total surface area
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FIGURE 4.9 Normal
alveoli compared to
alveoli affected by
emphysema

FIGURE 4.10 X-ray of
a patient with a lung
cancer tumour

Science Photo Library/Du Cane Medical Imaging Ltd

Bronchial tube

Alveoli
(air sacs)

Lung cancer

Lung cancer is similar to most other cancers in
that it involves the development of a mass of cells
that divides in an uncontrolled way — that is, a
tumour. Evidence shows clear links between lung
cancer and exposure to asbestos fibres and other
pollutants. However, tobacco smoking poses

by far the greatest risk for lung cancer. This risk
increases if smoking is combined with other risk
factors. For example, people who have worked
with asbestos and who also smoke have a 20-90
times greater risk of contracting lung cancer
than similar workers who do not smoke. Some
chemical substances seem to initiate cancerous
growths; others seem to promote the growth of the tumour. Tobacco smoke contains both
initiators and promoters of lung cancer.

The most common form of lung cancer begins in the walls of the air passages, usually the
bronchi. Inhaled smoke particles constantly irritate the mucous membrane that lines the air
passages. This results in excessive production of mucus. Cells at the base of the membrane
begin to divide more rapidly and the accumulating mucus cannot be removed. This results
in 'smoker’'s cough'. The trapped mucus causes rupture of the alveoli. Emphysema has then
developed. Ultimately, a cancerous growth develops in an air passage and may spread to other
parts of the body.

Lung infections

Pneumonia is an infection of the lungs caused by bacteria, viruses, fungi or other organisms. The
inflammation resulting from the infection causes secretion of fluid and mucus into the alveoli, thus
reducing the amount of air that they can contain. The surface area available for exchange of gases is
also reduced, and breathing difficulty is a symptom of many types of pneumonia.
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Tuberculosis (TB) is an infection, usually of the lung, by the bacterium Mycobacterium
tuberculosis. Tuberculosis, along with HIV/AIDS and malaria, is one of the top three infectious diseases
causing death in the world. Fortunately, in Australia there is a very low incidence of tuberculosis.
There are only about 1000 cases per year, with most of them in people born overseas.

Most lung infections, such as tuberculosis and pneumonia, are spread by droplets. When infected
people cough, sneeze or spit, tiny droplets of moisture containing the bacteria, viruses or fungi may
be inhaled by others, causing the spread of the infection. Good hygiene practices, such as coughing
and sneezing into a handkerchief and not spitting, help to reduce the spread of lung infections.

Asthma

Asthma is a medical condition that causes difficulty breathing due to a narrowing of the airways. This
occurs due to:

¢ the smooth muscles contracting, narrowing the airway

« inflammation causing the lining of the airways to thicken, narrowing its diameter

* mucus filling the airway, narrowing the tube.

Asthma can be an allergic response or non-allergic. Triggers for an asthma flare-up include
respiratory infections, cigarette smoke, and allergens such as dust, mites, moulds, pollens and animals.
Other triggers include exercise, cold weather, smoke, some medications, stress and emotions. Some
substances in food may also trigger an asthma attack.

During such an attack, the muscles that
surround the bronchioles go into spasm,

which is sudden involuntary contractions. Tightened
; ; : Normal muscles

This causes a narrowing of the air passages e constrict

and, therefore, difficulty in breathing. airway

Usually the irritation of the
membranes lining the air passages also
causes secretion of excessive mucus,

wen Shockey

Mucus
build-up

which also restricts the movement of air. Normal /\ Inflamed
The reduced volume of air going into and :‘l;‘fl’ay wall of

out of the lungs means that the exchange airway

of gases is impaired, and the blood does
not carry the usual amount of oxygen. Normal airway Constricted airway

Medical Images/Science Source/G

Key concept

Factors in an individual's lifestyle can affect their respiratory system, causing disorders and diseases such
as emphysema, lung cancer, lung infections and asthma.

Questions 4.4

RECALL KNOWLEDGE APPLY KNOWLEDGE
1 Name the process that results in the alveoli 4 Explain why pneumonia results in the patient
breaking down and reducing the surface area. feeling very tired.
2 Describe the changes that occur in the 5 Construct a table to compare the cause,
bronchioles during an asthma attack. symptoms and treatment of emphysema, lung
3 List the most common causes of lung cancer. cancer, lung infections and asthma.

9780170449090

FIGURE 4.11
During an asthma
attack, the smooth
muscles cause the
bronchioles to
narrow
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CHAPTER [f§ ACTIVITIES

acTiviTy4l Examining the structure of the lungs

This activity may be done as a demonstration by your teacher.
What to do

Examine a set of sheep or pig lungs.
1 Identify the structures that can be seen, such as:
a thelungs themselves, divided into a number of lobes
b the trachea with its rings of cartilage; examine the rings to see whether they form a
complete circle
¢ the two bronchi that branch from the trachea
d the thin transparent membrane that covers the lungs.

2 Squeeze the lungs between your thumb and a finger. Describe what you feel.

3 Cut off a piece of lung and place it in a beaker of water. Does it float? What does this tell
you about the lung?

4 Cut open the trachea and observe the interior. Record your observations.

5 Continue the cut in the trachea down through one of the bronchi, then through a
secondary bronchus. Keep cutting until the air tubes become too small to see. Do the
secondary bronchi have rings of cartilage? As you go along the air tubes from large to
small, where do the cartilage rings stop?

acTiviTY4.2 Investigating breathing
This task will allow you to investigate a factor that affects the rate of breathing.

What to do

Brainstorm all the factors that could affect the rate of breathing.

Choose one of these factors to investigate.

Develop a hypothesis stating the expected trend between this factor and the rate of breathing.

Design an experiment to test your hypothesis.

a How will you change your independent variable (the factor that you are testing)?

b How will you measure your dependent variable (the breathing rate)?

¢ How will you control all the other factors?

d How many trials will you conduct?

5 Under your teacher’s direction, conduct your investigation.

6 Collate your data in a table and calculate the average breathing rate for each variation of
the factor you are testing.

7 Use your results to construct a graph.

a What type of graph should you use?

b Which variable is on the x-axis? Which variable is on the y-axis?

¢ What scale will you use?

d Draw the line of best fit for the data.

B WN R

Studying your results

1 What trend does your data show? That is, what is the relationship between the independent
and dependent variables?

2 Discuss the reliability of your data. That is, how consistent are your results for the trials?

3 Discuss the accuracy of your results. That is, how did you ensure that your measurements
were correct?

4 Discuss the validity of your method. That is, how well did you control your variables? How
well did you test the hypothesis?

5 Discuss whether your results support your hypothesis.
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CHAPTER 4 SUMMARY

Air enters, and leaves, the body through
the nose, mouth, pharynx and larynx.
The air is warmed and humidified prior
to entering the lungs.

The trachea takes the air to and from
the lungs. It contains C-shaped cartilage
rings that hold the structure open.

The trachea divides, forming the
primary, then secondary and tertiary
bronchi. As the bronchi get smaller,
there are fewer cartilage rings and more
smooth muscle and elastin.

The bronchioles are finer than the
bronchi and do not contain cartilage.
The bronchioles end in air sacs called
alveoli, which are the site of gas
exchange.

As the air moves through the trachea and
bronchi, mucus and cilia work together
to trap and remove foreign particles.
The lungs are covered in a membrane
that extends to the inside of the chest.
Pleural fluid is contained between the
two layers of the membrane and allows
the lungs to move while still holding
them to the side of the chest.

Air will flow from areas of high pressure
to areas of low pressure.

During inspiration the diaphragm and
intercostal muscles contract, increasing
the volume of the lungs and decreasing
the pressure. This causes air to flow into
the lungs.

During expiration the diaphragm and
intercostal muscles relax, decreasing the
volume of the lungs and increasing the
pressure. This causes air to flow out of
the lungs.

Gas exchange occurs at the alveoli.
Alveoli allow efficient gas exchange as
they have a very large surface area, have
a good blood supply, are very thin, are
covered by a thin layer of moisture and
have a constant movement of air.

9780170449090

The concentration of oxygen in the blood
is lower than in the alveoli, resulting in a
net diffusion of oxygen into the blood.
The concentration of carbon dioxide

is higher in the blood than in the air;

therefore, there is a net diffusion of

carbon dioxide out of the blood.

Our lifestyle may affect the respiratory

system:

— Emphysema is caused by long-term
exposure to irritants such as tobacco
smoke and air pollutants. It causes
the alveoli to break down, reducing
the surface area for gas exchange.

— Lung cancer is the uncontrolled
division of cells. This may cause
a mass, excess mucus and the
rupture of alveoli. The presence of
lung cancer is linked to smoking
and exposure to asbestos and other
pollutants.

Infections such as pneumonia and

tuberculosis can cause inflammation,

resulting in secretions in the alveoli.

This reduces the surface area for gas

exchange as well as the volume of air in

the lungs.

Asthma causes a narrowing of the

airways due to contraction of the

smooth muscles, inflammation of the
lining, and mucus filling the airways.

These combine to cause breathing
difficulties.

97




UNIT1 | HUMAN PERSPECTIVES ATAR UNITS1& 2

CHAPTER 3 GLOSSARY

Alveoli Air sacs in the lungs; also, the
milk-secreting part of the mammary glands;
singular: alveolus

Asthma An allergic condition that causes
narrowing of the airways and difficulty
breathing

Bronchiole A very small air tube in the lung

Concentration gradient A difference in
concentration of a solution, often between
the inside and outside of a cell; also called
diffusion gradient

Emphysema A disease of the lungs that
damages the alveoli; caused by long-term
exposure to irritants

Epiglottis A cartilage flap at the base of
the pharynx that covers the trachea during
swallowing

Expiration Breathing out; exhalation
Inspiration Breathing in; inhalation

Larynx The structure at the top of the
trachea that contains the vocal cords

Lung cancer Growth of a tumour in the

lungs
Oesophagus The tube that carries food from
the throat to the stomach

Pharynx The throat; the pharynx joins the
mouth cavity to the oesophagus and larynx

Pleura A membrane covering the surface of
the lungs

Pleural fluid A thin layer of fluid within the
pleura that allows the lungs to move during
breathing

Pneumonia A lung infection that causes
fluid and mucus to build up in the alveoli,
causing difficulty breathing

Primary bronchi The first branching from
the trachea, entering the left and right lungs

Pulmonary arteries The artery that takes
blood from the heart to the lungs

Respiratory system The system specialised
to facilitate the intake of oxygen and the
removal of carbon dioxide

Secondary bronchi The division of the
primary bronchi, taking air into each lobe of
the lungs

Terminal bronchioles The end of the
bronchioles before they form alveoli

Tertiary bronchi  The division of the
secondary bronchi

Trachea The tube that takes air from the
throat to the lungs; the windpipe

Tuberculosis (TB) A lung infection
caused by the bacterium Mycobacterium
tuberculosis

Ventilation The process of inhalation and
exhalation; breathing

Vocalcord Membrane in the larynx that
vibrates, producing sounds
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CHAPTER 3 REVIEW QUESTIONS

Recall

1 Label the parts of the respiratory system.

2 a Draw a diagram showing inspiration.

As labels for your diagram, list the
sequence of events that occur in
inspiration.

b Draw a diagram showing expiration.
As labels for your diagram, list the
sequence of events that occur in
expiration.

List the characteristics of the lungs that
make them well suited for gas exchange.
Describe precautions that you can

take to reduce your risk of developing
emphysema or lung cancer.

Explain
5 Explain why it is important that there is
cartilage in the trachea and bronchi
6 a Why is a concentration gradient
important for the exchange of gases?
b Why is it that, in the lungs, oxygen
diffuses into and carbon dioxide out
of the blood, whereas in other body
tissues oxygen diffuses out of and
carbon dioxide into the blood?

9780170449090

¢ Explain how a concentration gradient
for oxygen and carbon dioxide is
maintained between the blood and
the air in the alveoli.

Explain why the pressure in the lungs

decreases during inspiration.

Explain why asthma is such a serious

condition.
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Apply

9 Compare and contrast bronchi and emphysema. What precautions could
bronchioles. be taken to reduce the risk of workers

10 To be effective, any surface where contracting the disease?
materials are taken into the body, or 12 Students measured the breathing rate
passed out of the body, must have a very and depth of breathing of a girl before
large surface area. For the lungs, explain and after exercise. Their results are
how a large surface area is achieved. shown in the following table.

11 List five occupations in which
people could be at risk of contracting

BREATHS PER MINUTE VOLUME OF AIR PER BREATH (cm?)
At rest 19 460
After running 38 1075
a Calculate the total volume of air that ¢ Describe the changes that would
the girl breathed in 1 minute before occur in the body to bring breathing
and after exercise. back to the normal resting level after
b What is the reason for the increase exercise.
in rate and depth of breathing after 13 Describe the types of lung damage that
exercise? smoking can cause.
Extend
14 If air enters the chest cavity through a b Would there be any activities that such
puncture wound to the chest wall, the a person would not be able to perform?
lung may collapse. As the collapsed 15 The ability to voluntarily control
lung is no longer attached to the chest breathing is important when speaking,
wall, air cannot be made to move into but it is also important when eating or
and out of the lung. However, a person drinking. Explain why this is so.
with a collapsed lung can function fairly | 16 In expired air resuscitation (mouth-
normally. to-mouth resuscitation), air from the
a Explain how it would be possible for rescuer’s lungs is blown into the patient’s
such a person to function in a fairly lungs. How is expired air able to keep
normal way. the patient alive?
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UNIT 1 CONTENT
SCIENCE INQUIRY SKILLS

»

conduct investigations, including monitoring body functions;
use microscopy techniques; and perform real or virtual
dissection, safely, competently and methodically for the
collection of valid and reliable data

interpret a range of scientific and media texts, and evaluate
processes, claims and conclusions by considering the

quality of available evidence; and use reasoning to construct
scientific arguments

SCIENCE AS A HUMAN ENDEAVOUR

»

blood transfusions rely on determining blood groups and can
be used to treat many different diseases and conditions

SCIENCE UNDERSTANDING

Circulatory system

»

the transport of materials within the internal environment
for exchange with cells is facilitated by the structure and
function of the circulatory system at the cell, tissue and
organ levels

the components of blood facilitate the transport of different
materials around the body (plasma and erythrocytes), play a
role in the clotting of blood (platelets) and the protection of
the body (leucocytes)

the lymphatic system functions to return tissue fluid to the
circulatory system and to assist in protecting the body from
disease

School Curriculum and Standards Authority,
Government of Western Australia
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The body’'s main internal transport system is the circulatory system. It is the link between the cells
inside the body, which have certain requirements, and the environment outside the body, which
supplies those requirements.

Special organs are needed to extract these requirements from the environment. The digestive

system absorbs nutrients and the respiratory system absorbs oxygen.

Other organs pass waste from the body to the environment. The respiratory system excretes

carbon dioxide, and the kidneys excrete other wastes.

Blood is the transport link between the cells of all the body systems. It is also very important in

maintaining the constant internal environment of the body. Some of the more important functions of
blood are:

transporting oxygen and nutrients to all cells of the body

transporting carbon dioxide and other waste products away from the cells
transporting chemical messengers, called hormones, to the cells
maintaining the pH of body fluids

distributing heat and maintaining body temperature

maintaining water content and ion concentration of the body fluids
protecting against disease-causing micro-organisms

clotting when vessels are damaged, thus preventing blood loss.

This chapter looks at how the structure of the blood, heart and blood vessels enables the
functions listed above to be achieved.

FIGURE 5.1 Coloured scanning electron micrograph (SEM) of blood vessels in the small intestine. Substances are taken to and
removed from cells via the blood, which circulates through arteries, capillaries and veins

9780170449090



CHAPTER 5 | The circulatory system transports materials throughout the body 103

BLOOD AS A TRANSPORT MEDIUM

An average female adult has approximately 4—5 L of blood, whereas an adult male has about 5-6 L.

The structure of blood

Blood is composed of:
e plasma: the liquid part, making up approximately 55% of the blood volume
o formed elements: the non-liquid part, making up 45% of the blood volume and consisting of
erythrocytes (red blood cells), leucocytes (white blood cells) and thrombocytes (platelets).

C— FIGURE 5.2 The

—
composition of
blood

Plasma
(about 55%)

and platelets
(about 4%)

Red blood cells
(about 41%)

Shutterstock.com/Designua

Plasma

Plasma is a mixture of water with dissolved substances such as sugar and salts. The function of
plasma is to transport the components of blood, including cells, nutrients, wastes, hormones, proteins
and antibodies, throughout the body.

Erythrocytes

Erythrocytes, or red blood cells, are the most abundant cells in the blood and account for
approximately 40-45% of its volume. This percentage is known as the haematocrit. The cells are a
biconcave shape - flattened in the middle on both sides. Red blood cells do not contain a nucleus,
which increases their flexibility and, hence, their ability to move through blood vessels. However,
the lack of a nucleus also limits their life span to only 120 days on average. The function of the
erythrocytes is to transport oxygen from the lungs to the cells throughout the body.

Leucocytes
Leucocytes, or white blood cells, play an important role in protecting the body from infection. While
they make up only 1% of the blood, white blood cells are larger than red blood cells.
There are a number of different leucocytes, each with its own structure and function.
* Neutrophils are the most common type of white blood cells. They contain enzymes to digest
pathogens.
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FIGURE 5.3 Blood is
made up of plasma
and formed elements

* Monocytes form other cells, including macrophages that engulf pathogens and aged or damaged

cells by phagocytosis.

e Lymphocytes are involved in the immune response; cell-mediated immunity uses T-lymphocytes,

and antibody-mediated immunity uses B-lymphocytes.

» Basophils are responsible for allergic reactions, producing heparin and histamine to defend the

body against parasites and bacteria.

» Eosinophils also lead to inflammatory responses; they respond to larger parasites such as

worms.

Plasma makes up 55% of the blood
Blood is made up of a liquid part volume; 91% of plasma is water, with
the rest made up of dissolved
substances, including nutrients
(glucose, amino acids, lipids),
ions (Na*, K*, Ca®*, Cl~, HCO;"), gases
(oxygen, carbon dioxide), hormones,
plasma proteins and wastes (e.g. urea).

called plasma, and cells or cell
fragments known as the formed
elements.

Formed elements make up 45% of the
blood volume. They include red blood
cells or erythrocytes, white blood cells
or leucocytes, and cell fragments known
as platelets or thrombocytes.

I

White blood cells, or leucocytes, are

larger but much fewer in number than

erythrocytes. There are different types of

leucocytes:

1 granulocytes, which have a granular
cytoplasm with a lobed nucleus

2 monocytes and lymphocytes, which
have a spherical nucleus and
agranular cytoplasm.

Leucocytes can remove dead or injured

cells and invading micro-organisms.

They can live from a few minutes during

an infection to years when infection is

not present.

Red blood cells, or erythrocytes, are
biconcave discs — thinner in the middle
than at the edges. They have no nucleus,
which allows more room for
haemoglobin, a substance that can
combine with oxygen. When combined
with oxygen, haemoglobin is red. This
gives the erythrocytes and hence the
blood, their colour. Erythrocytes live for
about 120 days. They are produced in
the bone marrow and destroyed in the
liver and spleen.

Platelets, or thrombocytes, are very
small cell fragments with no nucleus.
They are about one-third the size of an
erythrocyte. They are formed in the red
bone marrow and last for about 7 days.
Thrombocytes are important for normal
blood clotting.
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L t
el b FIGURE 5.4 Types of
leucocytes
( 1
Granulocytes Agranulocytes
(granular leucocytes) (not granular leucocytes)
Eosinophils Basophils Neutrophils Lymphocytes Monocytes
B-lymphocytes T-lymphocytes
Thrombocytes
L Red Cross

Thrombocytes, or platelets, are small fragments of cells. When a blood vessel is injured, the platelets Learn about the
adhere to the lining and form a scaffold for the coagulation of the blood to form a clot. components of blood.

Key concept

A
Blood is made up of plasma, erythrocytes, leucocytes and thrombocytes; each component performs an %

important role in the body. Activit
ctivity 5.1

Comparing blood cells

Transport of oxygen

Oxygen is not very soluble in water, so only about 3% of oxygen is carried in solution in the blood
plasma. The other 97% is carried in combination with haemoglobin molecules, which are found
only in red blood cells. Haemoglobin is able to combine with oxygen to form a compound called
oxyhaemoglobin. The combination of oxygen and haemoglobin is said to be a loose one, because
oxyhaemoglobin can easily break down to release the oxygen:

Hb + (0] - HbO

2 2

Haemoglobin Oxygen Oxyhaemoglobin

The presence of haemoglobin in the red blood cells increases the oxygen-carrying capacity of
the blood by about 60 or 70 times.

Oxygen combines with haemoglobin when the oxygen concentration is relatively high. This
occurs in the capillaries in the lungs, where oxygen diffuses into the blood from the air in the alveoli.
Oxyhaemoglobin breaks down to haemoglobin and oxygen when the concentration of oxygen is
relatively low. As the cells of the body are continually using oxygen, the tissue fluid around the cells
has a relatively low oxygen concentration. Therefore, when the red blood cells flow through the
capillaries between the body cells, they give up their oxygen, which diffuses into the tissue fluid and
then into the cells.

Oxygenated blood is blood with a high proportion of oxyhaemoglobin. Oxyhaemoglobin is bright
red in colour, so the blood in the arteries (except for the pulmonary arteries taking blood to the lungs)
is bright red. Haemoglobin is dark red or purplish in colour. The deoxygenated blood in the veins
(except for the pulmonary veins from the lungs) is therefore dark red.

9780170449090



106  UNIT1 | HUMAN PERSPECTIVES ATAR UNITS1& 2

Red blood cells are well suited to their function of oxygen transport because they:
e contain haemoglobin, which is able to combine with oxygen

¢ have no nucleus, so there is more room for haemoglobin molecules

« are shaped like biconcave discs — the biconcave centre increases the surface area for oxygen
exchange and the thicker edges give a large volume that allows room for the haemoglobin
molecules.

' Key concept

The majority of oxygen is transported on erythrocytes as oxyhaemoglobin.

@Z{j Transport of carbon dioxide

Carbon dioxide is carried in the blood in a number of ways. Approximately 7-8% is dissolved in the
plasma and carried in solution. Another 22% or so combines with the globin part of the haemoglobin
molecule to form a compound called carbaminohaemoglobin. The remainder, about 70%, is carried
in the plasma as bicarbonate ions, HCO,™.

Activity 5.2
Investigating blood flow
during exercise

FIGURE 5.5 The
transport of oxygen
and carbon dioxide

Alveoli

70% 3%
e/ Blood capillary
inlung

Plasma

Dissolved
CO,

Red blood cell
Deoxygenated

bl

Blood capillary
in tissues

TABLE 5.1 Proportion of oxygen and carbon dioxide transported in the blood in different ways

3% dissolved in plasma 8% dissolved in plasma
97% as oxyhaemoglobin 22% as carbaminohaemoglobin

70% as bicarbonate ions
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As the blood is flowing through the capillaries between the body cells, carbon dioxide diffuses
into the plasma due to the difference in carbon dioxide concentration. Some carbon dioxide dissolves
in the plasma, some combines with haemoglobin, but most reacts with water to form carbonic acid
(H,CO,). Carbonic acid then ionises into hydrogen ions and bicarbonate ions:

co, + H,0 <=—= H,CO, —= H* + HCO,-

Carbon dioxide Water Carbonic acid Hydrogen ions Bicarbonate ions

The air sacs of the lungs, the alveoli, are surrounded by a dense network of capillaries (see
Figure 5.1). Here, the carbon dioxide dissolved in the plasma diffuses out of the blood into the air in
the alveolus. The carbaminohaemoglobin breaks down, and the carbon dioxide molecules released
also diffuse into the alveolus. Hydrogen ions and bicarbonate ions recombine to form carbonic acid,
which then breaks down under enzyme action into water and carbon dioxide. This carbon dioxide
also diffuses into the alveolus (see Figure 5.5 and Table 5.1).

Key concept

Carbon dioxide can be transported by dissolving in plasma (7—8%), as carbaminohaemoglobin (22%) or<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>